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ABSTRACT
Herd month records from the  Dairy Herd Improvement A ssociation 
(DHIA) in  Louisiana from January, 1971 through December, 1972 Here used 
in  t h i s  study . These records rep resen ted  2,893 herd month observations 
from 162 herds c o n s is tin g  of 93 H o lste in , 33 mixed breed, 12 Guernsey, 
20 J e rs e y , and 4 A yrshire herds.
Estim ated n e t energy (ENE) In tak e  from a l l  feed sources (ex c lu d ­
ing  p a s tu re ) ,  percen t days in  m ilk, r a te  o f forage feeding  (HFF), herd 
s iz e ,  c o s t  o f fee d s , and d o l la r  re tu rn s  were obtained to  evaluate  th e i r  
r e la t io n s h ip  w ith milk production and income over feed c o s t. D aily 
p a s tu re  ENE In take  Has not a v a ila b le  in  th e  monthly herd records and 
Has c a lc u la te d  f o r  the  e n tire  tn o -year period  from the HFF.
The da ta  shoved th a t th e  average DHIA herd had 94 c o h s ,  w ith the 
average cow weighing 499 kg livew eigh t and producing 13*31 kg of milk 
o f 3*73# f a t .  Average FCM y ie ld  was 12.62 kg per cow per day, which 
i s  eq u iv a le n t to  4,606 kg FCM per 365-day la c ta t io n .
Average ENE In take (Meal) p e r cow p e r day from d if f e re n t  feed 
sou rces wasi concen tra te , 22 .11i s i la g e , 3 .8 3 I hay, 3*22; and p astu re ,
11.201 making a  t o t a l  of 40.36 Meal. Concentrate supplied  54.78$, and 
roughages 45.22$ of the  to ta l  ENE in ta k e . Roughages consisted  of 9.49$ 
s i la g e ,  7.98$ hay, and 27.75$ p astu re . Average to ta l  feed  c o s t was 
$2.91 p e r  cow per day, $1.92 o r  64$ of which came from co n cen tra te . 
Income over feed  c o s t was $1.17 per cow p e r  day.
Linear multiple regression analyses showed that FCM was 
significantly (Pc.Ol) and positively Influenced by both concentrate 
ENE Intake and percent days in milk. The other non-significant vari-
lx
a t l a s  were s ila g e  ENE In tak e , hay EWE in ta k e , r a te  o f forage feeding 
(RFF), and herd e ls e . Using th e  same s ix  v a ria b le s  inc lud ing  th e i r  
qu ad ra tic  and cubic e f f e c ts ,  a  stepw ise reg ress io n  procedure se lec ted  
the  fo llow ing in  a  b e s t - f i t t in g  equations concen tra te  ENE in ta k e , HPF, 
and cubic e f f e c t  o f percen t days in  m ilk. A ll th ree  v a ria b le s  had a  
p o s itiv e  in fluence  on FCM y ie ld .
The b e s t - f i t t i n g  c u rv il in e a r  equation s l ig h t ly  improved the
2
c o e f f ic ie n t  of determ ination (R ) from 40.74# in  the l in e a r  equation to  
41.77$. Both l in e a r  and b e s t - f i t t i n g  m u ltip le  reg ress io n  equations 
revealed  th a t  concen tra te  ENE in tak e  increased  FCM by 0.36 to  0.38 kg 
f o r  every Meal in crease  in  concen tra te  ENE in ta k e . The p a r t ia l  reg re s­
sion  c o e f f ic ie n t  o f RFF in d ic a te s  th a t  FCM y ie ld  was increased  by 0.18 
kg f o r  every kilogram in crease  in  RFF consumed per 45.4- kg livew eigh t.
Out o f s ix  v a ria b le s , FCM y ie ld , percen t days in  m ilk, and c o s t 
of feed /4 5 .4  kg FCM were a l l  h igh ly  s ig n if ic a n t  ( P < .0 l )  in  the  l in e a r  
m u ltip le  reg ress ion  of income over feed c o s t .  The b e s t - f i t t i n g  cu rv i­
l in e a r  equation se leo ted  by the stepw ise reg ress io n  procedure included 
the  cubic e f fe c t  o f FCM y ie ld , percen t days in  milk, c o s t  of feed /45 .4  
kg FCM, quadra tic  e f f e c t  of percen t days in  m ilk, and quadra tic  e f fe c t  
of c o s t  o f feed /45 .4  kg FCM. A ll f iv e  v a ria b le s  were h igh ly  s ig n if ic a n t  
(P < .0 l ) .  C o effic ien t o f determ ination (R ) was s l ig h t ly  increased  from 
66.4-2# in  the  l in e a r  equation to  69*06# in  th e  b e s t - f i t t in g  c u rv ilin e a r  
equation .
x
I. INTRODUCTION
A system whereby animal response and feed  value a re  expressed a s  
n e t energy to  rep lace  the  t o ta l  d ig e s tib le  n u tr ie n ts  (TEN) system has 
long been considered In  the United S ta te s . Such a  system owes I t s  theo­
r e t i c a l  p rec is io n  to  accounting fo r  a l l  h eat lo sse s  f o r  th e  "productive" 
purpose(s). In  c o n tra s t ,  much has been w ritte n  on the  weaknesses and 
u n c e r ta in tie s  o f the TEN system and I t s  overestlm atlon  o f fo rage energy 
con ten t has been conclusively  shown. One d i f f i c u l ty  In  app ly ing  the 
th e o re tic a l  p rec ision  of the  n e t energy system i s  in  n o t being ab le  to  
measure n e t energy fo r  maintenance d i r e c t ly .  This i s  because i t  i s  l o s t  
along w ith the o th er "wasted" h ea t, l ik e  h ea t increm ent.
P resen t n e t energy (NE) systems in  th e  U nited S ta te s  and in  
o th er co u n tries  d i f f e r  from each o th er in  th e  method of d e riv in g  main­
tenance requirem ent. Those systems th a t  assume th a t  NE requirem ent f o r  
maintenance i s  equal to  fa s t in g  catabolism  include  the  B r i t i s h  and 
C a lifo rn ia  systems | those th a t  express the amount o f energy requ ired  
f o r  maintenance of the  producing animal in  term s o f  production u n its  
Include the  Rostock o r  German and the B e lts v l l le  systems ( l ,  60, 73,
77, 79).
The B e lts v ll le  system i s  the b a s is  f o r  expressing  requirem ents 
f o r  la c ta t ln g  cows and feed  values in  th e  1971 N ational Research Coun­
c i l ' s  (NRC) "N utrien t Requirements f o r  Dairy C a ttle "  ( 78) .  Such r e ­
quirem ent f o r  both maintenance and milk production i s  expressed In
terms of ^ lao^ting cows* Mhich is a “edification NE,^^ as termed by 
the Beltsvllle workers. Net energy value of feedstuffs is expressed in
th is  s in g le  u n it .  For growing c a t t l e ,  NRG has adapted the C a lifo rn ia  
system, which i s  b a s ic a lly  used f o r  beef c a t t l e  ( 56) .  By th is  system ,
NE f o r  maintenance and NE f o r  ga in  (NE and NE ) a re  used to  express the1*1 o
to ta l  energy needs f o r  growing h e ife r s  and b u lls . The reason f o r  th is  
i s  th a t  energy i s  used w ith  d i f f e r e n t  degrees of e ff io ie n c y  f o r  m ainte­
nance and body gain  in  n o n la c ta tln g  anim als.
Lack of adequate d a ta  on th e  NE value of feeds i s  th e  weakness 
in  th e  p resen t n e t  energy system s. Accounting fo r  th e  "a sso c ia tiv e  
e ffe c t"  of feeds, o r  the  g re a te r  value of a  mixed d ie t  than the a r i t h ­
metic mean o f the  value of In g re d ie n t feeds tu f f s  i s  ano ther weakness, 
but f o r  the p resen t i t  i s  g e n e ra lly  considered In s ig n if ic a n t .  Conversion 
fa c to rs  have been worked ou t and te s te d  ex tensively  to  convert from e x i s t ­
ing TIM, d ig e s tib le  energy (BE), and m etabolisable energy (ME) values 
in to  NE values. For in s ta n c e , Moe e t  a l .  (73) introduced th e  follow ing 
formula to  convert to  M E ^ ^ i
MBmilk (Mcal/kg DM) -  0.0266*TDN -  0 .12 .
The drawback in  u sin g  such formulae goes back to  the lack o f p re­
c is io n  in  determ ining o r ig in a l  va lues o f TDN, BE, o r  ME. U n til such time 
when a l l  fe e d s tu ffs  e s p e c ia lly  a s  they a re  p a r t  of whole ra t io n s  a re  
evaluated f o r  th e i r  NE v a lu e s , use o f th e  conversion f a c to r s  i s  th e  only 
means to  use the NE system. That the NE system works has been shown in  
la rg e -sca le  fe e d lo t f a t te n in g  experim ents. F in a l anim al w eights were 
predicted  from a c tu a l feed  consumption in  Northern Colorado fe e d lo ts  and 
re s u l ts  confirmed u se fu ln ess  o f th e  C a lifo rn ia  NE system (56) .
Outside the  United S ta te s ,  p a r t ic u la r ly  in  Europe, feed ing  s tan ­
dards were more c lo se ly  o rie n te d  to  the  NE system. K e lln e r 's  s ta rc h  values
3have been used and m odified in  the  Scandinavian fodder u n it  o r  feed  u n i t  
(FU) system to  use b a rley  as th e  standard  in s te a d  of s ta rc h  (52 , 76).
The Russians have used the  S ov ie t o a t u n i t ,  based on n e t e n e r g y ^ ,  and 
the  B r i t i s h  use a  system based on th e  KB w ith some c o rrec tio n s  making i t  
in  f a c t  a  MB system (5 , 76). The Rostock o r German system i s  claim ed to  
be an improvement over K e lln e r 's  s ta rc h  values. I t  in troduces a  n e t  
energy^^. (NEF), w ith  which to  express energy requ ired  fo r  maintenance 
and f o r  production. I t  i s  perhaps th e  only system th a t  u n if ie s  the  n e t 
energy requirem ents f o r  c a t t l e ,  swine, and p o u ltry . Each anim al sp ec ies  
uses a  sep a ra te  NE term i th a t  f o r  c a t t l e  being c a lle d  "energetlsche 
f u t te r e in h e i t"  o r EF ( l  EF - 2 . 5  k ca l NE_ . ) .
7  ZcLt
This p ro l if e ra t io n  of v a r ia tio n s  in  the  NE system c re a te s  some 
problems. Even the  concept of ENE as used by Morrison ( 76) nay soon be 
outmoded. To r e la te  i t  to  N E ^  o r N E ^ ^ ^  C0H8, the fo llow ing  
form ula was worked ou t by Hoe e t  a l .  (73)*
^ m ilk  (Mcal/ k& “ 0*809 ENE (Mcal/kg DM) + 0.54
In te rn a tio n a l symposia dea ling  on energy metabolism seem to  be 
the  only place in  which terminology nay be "standard ized ,"  One s te p  
along t h i s  l in e  i s  in  th e  use o f an " In te rn a tio n a l Feed Nomenclature" 
which i s  to  become e ffe c tiv e  in  1974. The system c la s s i f ie s  feeds 
according to  e ig h t po ssib le  physical and /o r chem ical c h a ra c te r is t ic s .
I f  common term inology o r  standardized  systems o f measurement cannot be 
accomplished in  NE system s, i t  could impede the  adoption of th e  system 
e sp e c ia lly  under farm cond itions.
Meanwhile, the  s im p lic ity  o f the  B ritish  system, the u n if ie d  
in te rsp e o ie s  approach of the  Rostock system, o r the  NRC adoption of th e
B e lts v l l le  system axe some In d ic a tio n s  o f  fu tu re  developments. Whatever 
system o r  systems evolve and p re v a il  would be more sim ple and accu ra te  
compared to  the  TDK system.
One a rea  in  which th e  p red ic tio n  o f  performance from feed  value o r  
feed  energy can be assessed  i s  in  th e  use of estim ated  n e t energy (ENE) 
by the  Dairy Herd Improvement A ssocia tion  (DHIA). The e ffe c tiv e n e ss  of 
recommending the  proper feed ing  le v e l  f o r  optimum milk y ie ld  and econom­
i c a l  re tu rn s  depends a lso  on the accuracy of re p o rtin g  feed  In tak e , On 
t h i s ,  the  forem ost d i f f i c u l ty  i s  in  re p o rtin g  the  a c tu a l  amount and 
energy value of fo rages. E stim ating  fe e d  energy in ta k e  from p astu re  i s  
doubly d i f f i c u l t  since  th e re  i s  no d i r e c t  measure o f anim al in tak e  from 
grazing  and the  pastu re  feed energy value i s  estim ated  by su b jec tiv e  
q u a li ty  r a t in g s .  Sampling fo rages and chem ical analyses o f fo rage i s  one 
method f o r  more accura te  accounting o f feed  value . The Louisiana Big Q 
Program of the  Louisiana Cooperative Extension Serv ice and used by most 
DHIA-member farm s, i s  a  s te p  in  t h i s  d ire c tio n .
P ast s tu d ies  o f Louisiana DHIA feed ing  programs have presented  
valuable inform ation on ENE lnput/FCM ou tput r e la tio n s h ip s . However, 
one question  which remains unanswered concerns the  apparent in e ff ic ie n c y  
o f Louisiana cows in  u t i l i z in g  ENE. The reason f o r  the  I n a b i l i ty  to  
answer th is  question has been ascribed  to  o v e rra tin g  th e  q u a lity  o f fo r ­
ages used and /o r overestim ating th e  amount of forage consumed by cows. 
Recent s tu d ie s  of yearly  herd d a ta  have po in ted  out the  low usefu lness of 
forage estim ates e i th e r  fo r  p re d ic tin g  m ilk production o r  income over 
feed c o s t. However, a s  a  source o f f i e l d  d a ta , DHIA records can provide 
valuable inform ation towards c h a ra c te r iz in g  th e  p ro f i ta b le  d a iry  e n te r ­
p r is e . Evaluation of the  o v e ra ll  performance of a l l  member farms in  DHIA
5can be used as a basis to compare each individual farm.
The DHIA inform ation on E lec tro n ic  Data Processing Machines (EDPM) 
card  no. 7 now excludes pastu re  consumption e s tim a te s . In  i t s  p la c e ,
"rate of forage feeding" (HFF) is used which Includes all forages consumed
■*
by the animals. Average liveweight of animals is also excluded. These 
changes imply new ways of interpreting the available data especially in 
comparison with previous MIA studies.
This study was conducted to determine the feed energy levels and 
other management factors and their relationships with milk production 
and income over feed cost. Louisiana DHIA records from January, 1971 
through December, 1972 were utilized in this study.
II. REVIEW OF LITERATURE
A. Heat energy a s  measure of feed  value
The word "energy” I s  from the  Greek en meaning i n ,  ergon mean­
ing  work (103). I t s  Importance In  n u tr i t io n  nay be explained by the  
w ord 's meaning in  physics, I . e . ,  the  cap ac ity  f o r  doing work and over­
coming re s is ta n c e . This i s  e sp e c ia lly  more so in  modem physics, where­
in  m atte r and energy a re  regarded as e q u iv a len ts , m utually convertib le  
according to  E in s te in 's  form ula, E -  me (103) ( i « e . ,  energy equals 
mass m u ltip lied  by th e  square o f the  v e lo c ity  o f l ig h t ) .
Maynard and Loos 11 (63) in d ic a te d  th a t  th e  heat energy rep re ­
sen ted  by th e  c o n s titu e n ts  o f th e  d ie t  and th a t  involved in  a l l  body 
processes provide the  most convenient b a s is  f o r  d escrib ing  n u tr i t io n ­
a l  e n e rg e tic s . They based t h i s  on th e  f i r s t  law of thermodynamics 
which s ta te s  th a t  a l l  forms of energy can be converted q u a n tita tiv e ly  
in to  h ea t energy. They emphasised th a t  the  h ea t produced in  l i f e  pro­
cesses  i s  an end p roduct, u se fu l to  he lp  keep th e  body warm, bu t i t s  
production in  th e  body i s  taken in to  account in  measuring e ff ic ie n c y  
of body p rocesses. Every chem ical molecule has the c h a ra c te r is t ic  
"hea t con ten t"  (H) which i s  an index o f the  energy s to re d  during i t s  
form ation. The h ea t e f f e c t  o f a  rea c tio n  i s  th e  d iffe ren c e  between the 
H o f the  products and the  H of th e  re a c ta n ts . Hence th e  heat o f reac­
t io n ,  the  change o r  d iffe re n c e  in  the  heat co n ten ts , i s  re fe rre d  to  as 
aH, which i s  given a  p o s it iv e  o r negative sign  according to  whether heat 
i s  req u ired  o r em itted  by th e  re a c tio n .
The te s te  u n i t  o f h ea t energy 1b th e  c a lo r ie  ( c a l ) ,  defined  a s  
th e  amount o f h ea t requ ired  to  r a is e  1 g ra s  (g ) o f w ater 1°C (c), mea­
sured from lk ,5  to  15*5 C. For convenient use In  n u tr itio n *  th e  la rg e  
C a lo rie , o r  th e  aaount o f h ea t req u ired  to  r a is e  1 kg o f w ater 1 C* 
cane in to  u se , and w ritte n  w ith a  c a p i ta l  C o r  abb rev ia ted  NCalN to 
d is tin g u is h  i t  from th e  sm aller u n i t .
Because t h i s  d is t in c t io n  in  c a p i ta l iz a t io n  causes confusion a t  
t in e s ,  th e  use o f C alorie  has been la rg e ly  rep laced  by k i lo c a lo r ie  (k o a l) 
which has th e  sane value. Where la rg e r  values a re  involved* th e  mega- 
c a lo r ie  (negacal o r  Neal) o r  the  Therm, rep re sen tin g  1,000 k c a l, i s  
enployed.
B. Systems f o r  evaluating  energy components o f feeds
F ac to rs in flu en c in g  th e  energy metabolism in  th e  anim al body and 
expected lo sse s  a re  shown in  F igure 1 (37, 58, 86). Of th e  gross energy 
in g es ted  (GE^), such i s  l o s t  a s  f e c a l  energy (FS) which co n ta in s  und igest­
ed food re s id u es  p lus abralded  in te s t in a l  mucosa and d ig e s tiv e  f lu id s  
(m etabolic f e c a l  energy, FE^). The "absorbed energy" (apparen t d ig e s t­
ib le  energy, BE) i s  a v a ila b le  f o r  m etabolic p rocesses. A p o rtio n  o f th i s  
energy, IB i s  excreted  in  th e  u rin e  (UB). Some of the  UB o r ig in a te s  from 
w ith in  the  body and i s  c a lle d  endogenous u rin a ry  energy (UE ) .  The energy 
lo s t  in  the  gaseous products of d ig es tio n  (GH>) i s  a ls o  unavailab le  f o r  
metabolism. The re s u ltin g  energy i s  m etabolizable energy (MB). Some 
energy, expended in  th e  form of h ea t (h ea t Increm ent, Hi) i s  req u ired  
to  m etabolize the  n u tr ie n ts  o f ME. The rem aining energy c a lle d  n e t energy 
i s  a v a ila b le  f o r  maintenance and production (NEm + p) .
Gross energy (GE) o r heat o f combustion i s  th e  t o t a l  energy in  a
8GROSS ENERGY INTAKE (GE^
' * Fecal Energy (FE), 20 to  60$
1. Feed O rigin
2. M etabolic O rig in  (FEm)
APPARENTLY DIGESTED ENERGY (DE)
A. Gaseous Products o f D igestion  (GPD), 5 to  12$
B. U rinary Energy (UE)f 3 to  5%
1. Feed O rigin
2. Endogenous O rigin (UE )©
METABOLIZABLE ENERGY (ME)
■"* Increment (H i), 10 to  40$
1. Heat o f Ferm entation (HF)
2. Heat o f N u trien t Metabolism (HNM)
NET ENERGY (NE . )1  T  P
Maintenance (NE ) m Production (NE^)
1. Basal Metabolism 1. Growth
2. Voluntary A c tiv ity 2 . F a tten ing
3. Heat to  Maintain Body 3. Milk
Temperature 4. Vool
5. Work
F ig . 1. Conventional scheme of energy metabolism (37» 58, 86).
feed . When a  substance i s  com pletely burned to  I t s  u ltim ate  ox idation  
products, v i s . ,  carbon d io x id e , w ater, and o th e r  gases, th e  h e a t given 
o f f  i s  considered  a s  i t s  gross energy o r  h ea t o f combustion. Such gross 
energy value i s  determ ined by ox id a tio n  in  a  bomb ca lo rim e te r. This 
measure i s  th e  s ta r t in g  p o in t in  determ ining the  energy value of foods 
f o r  body u se .
In  n u tr i t io n ,  h ea t o f combustion f o r  some pure substances and 
feeds i s  expressed in  k ca l per gram (6 4 )i
fceal/fi
Carbohydrates — - —-  4.15
P a t s   ---------  — 9 .I1O
P ro te in  — —— — — 5.65
These f ig u re s  now known a s  A tw ater values provide a  b a s is  f o r  computing
the gross energy from chem ical com position of animal feed s , although the
values a re  averages f o r  a  human d i e t .  They a ls o  serve to  explain  the
d iffe ren c e s  in  gross energy among various feed s . F a t con ten t i s  of
sp e c ia l Importance because o f I t s  h igh  h e a t of combustion*
D ig estib le  energy (BB) o r  apparen t d ig e s tib le  energy, i s  ob tained  
by su b tra c tin g  the  h ea t o f combustion of the  feces  from th e  gross energy 
of the  feed . Thus i t  accounts f o r  d ig es tio n  lo sse s  only. I t  can be de­
term ined by measuring the  gross c a lo r ie s  in  feed  and fe c e s , o r  i t  can be 
c a lcu la te d  from the  d igested  n u tr ie n ts  by the  use o f the  gross c a lo r ie  
fa c to rs  1 carbohydrates, 4 .1 5 i f a t s ,  9»40| p ro te in , 5.65. The f ig u re  
9.45 k c a l/g  f o r  f a t s  i s  now more g en e ra lly  used than A tw ater's  9 .4 0 , and 
the  computed gross c a lo r ie  value i s  an ovexestlm atlon o f u se fu l c a lo r ie s  
in  c e r ta in  products because l ip id s  a re  ro u tin e ly  determined In  feeds as 
e th e r  e x tra c t  (64 ).
M etabolisable energy (MB) i s  what remains a f t e r  su b tra c tio n  of
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energy contained. In  u rin e  and methane o r  rumen com bustible gases from IE . 
I t  ham been c a lle d  a v a ila b le  energy because i t  re p re se n ts  th e  feed  energy 
which i s  transform ed in to  h ea t p lus body gain  and milk production  (? 6 ) .
In  rum inants, th e  energy l o s t  in  combustible gases has been re p o rte d  by 
various workers (20, 51» 63, 95) to  rep re sen t about 10 p e rcen t o f the  
gross energy of the ra t io n  and about 19 percen t o f the  t o t a l  h ea t produc­
t io n  o f th e  anim al. By tak in g  account o f the  lo sse s  in  th e  u rin e  and 
com bustible gases and those  in  the  fe c e s , ME rep re se n ts  a  more accu ra te  
measure o f feed  energy over th a t  o f IE. However, because o f th e  h ea t 
l o s t  by the  body, and hence no t u se fu l, MB s t i l l  v a rie s  (1 8 ).
C alorlm etrlc  s tu d ie s  have shown th a t  IE and ME a re  used w ith  d i f ­
f e r e n t  degrees o f e ff ic ie n c y  f o r  maintenance and body gain  in  n o n la c ta t-  
ln g  anim als bu t a re  used w ith s im ila r  degrees o f e ff ic ie n c y  f o r  m ainte­
nance and milk production in  la c ta t in g  anim als (2 , 27, 67) .
The n e t energy (ME) of a  feed  i s  the  amount of energy l e f t  a f t e r  
deducting the  follow ing from i t s  t o ta l  o r  gross energy 1 l )  f e c a l  energy 
(FE), 2) u rin a ry  energy (UE), 3) combustible gases (gaseous products of 
d ig e s tio n , GPD), and U) h ea t increm ent o r "work of d ig e s tio n ,"  (H i) o r  
th e  amount o f a d d itio n a l h ea t which i s  produced in  the  body fo llow ing  
th e  consumption of food.
Accounting f o r  a l l  h eat lo sse s  makes NE an unbiased d e sc r ip tio n  
o f anim al response. The NE concept has been regarded a s  th e o re t ic a l ly  
th e  most p rec ise  system f o r  use in  liv e s to ck  feed  fo rm ula tion . Moe and 
T y r re ll  (71) however regarded the NE system as  a  compromise r a th e r  than 
an id e a l  goa l. They c a lle d  I t  a  "working compromise" between a  system 
o f feed  evaluation  which a llow s f o r  every poss ib le  s i tu a t io n  and one 
which I s  usable in  p ra c tic e . Such compromise concerns the  requirem ents
of energy f o r  maintenance. The requirem ent o f energy f o r  maintenance o f 
a  given anim al can be measured very  p re c ise ly  in  term s of NE o r  DE| i t  
cannot be done f o r  NE. This i s  because th e  energy used f o r  maintenance 
and th a t  which i s  wasted a re  both u ltim a te ly  l o s t  a s  h ea t. The u se fu l 
po rtion  cannot be sep ara ted  and c a l le d  “m aintenance," and th e  n e t  energy 
requirem ent f o r  maintenance has to  be ob tained  in d ir e c t ly .  The way in  
which maintenance requirem ent i s  determ ined o r  expressed i s  what makes 
NE sy s teas  d i f f e r  (7 9 ).
F igure 2 shows th e  re la t io n s h ip  between energy ou tpu t and NE 
in tak e  a s  HE i s  increased  from zero  to  ad  l i b ,  in ta k e . At zero  HE 
in take  ( f a s t in g ) ,  body t is s u e  i s  m obilized to  meet the  energy needs o f 
maintenance, Thus, th e  f a s t in g  metabolism o r  f a s t in g  h ea t production 
i s  sometimes used a s  an expression  o f th e  n e t energy requirem ent of 
maintenance (NE )• As feed  in ta k e  i s  in c reased , h ea t production a ls o  
inoxeases u n t i l  a t  maintenance th e  t o t a l  h ea t production equals NE 
in ta k e . The change in  h ea t production between f a s t in g  and maintenance 
i s  a  measure of th e  r e la t iv e  value o f body t is s u e  and d ie ta ry  energy 
in  meeting the  energy needs f o r  maintenance. Above maintenance, in ­
creasing  ME in tak e  r e s u l t s  in  a  p o s itiv e  energy balance and an Increase  
in  heat production. The in c re a se  in  h ea t production a t  th is  s tage  i s  
termed "hea t increm ent" and the in c rease  in  energy balance p e r u n i t  
increase  in  HE i s  the  p a r t i a l  e ff ic ie n c y  o f production (71 ).
F igure 3 shows the re la tio n s h ip  between n e t  energy term inology 
and the change in  energy balance per u n i t  in c re a se  in  dry m atte r in take  
(71).
The slopes o f th e  s o l id  l in e s  rep re se n t th e  change in  energy 
balance p e r  u n i t  change in  dry m a tte r  in ta k e  and a re  th e re fo re  equiv-
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F ig . 2 . R ela tionsh ip  between ME In take  and h e a t ou tpu t (7 1 ).
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Fig* 3* R ela tionsh ip  between energy balance and n e t 
energy tera lno logy  (7 1 ).
a le n t  to  n o t energy va lues. Between f a s t in g  and maintenance the  change 
in  energy 'balance i s  termed n e t energy f o r  maintenance (NEb ) ,  When a  
ne t energy value l a  c a lc u la te d  a s  th e  d iffe re n c e  between f a s t in g  metab­
olism  and energy balance a t  some in ta k e  g re a te r  than m aintenance, the  
te rn  used i s  NEn + which i s  n e t energy f o r  maintenance p lus produc­
tio n . As shown by the  dashed l in e s ,  i f  th e  measurement o f NE ,
Jli T  p
value i s  made a t  successive ly  lower and lower le v e ls  o f in tak e  the  
r e s u ltin g  value w il l  g radua lly  approach th e  NE value. NE . i s  th e re -B B ▼ P
fo re  Influenced  by th e  le v e l  o f in ta k e  and i s  unacceptable a s  an expres­
sion  of th e  n u tr i t io n a l  value of fe e d s tu f f s . For th is  reason , the  
C a lifo rn ia  n e t energy system (CNES) developed by Lofgreen and G a rre tt
(60) uscb- separate terms for NE and NE„ (NE . ) rather than the com-m g gam
blned term NE + . T h eir system i s  most s im ila r  to  th e  c la s s ic a l  sy s-
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tem described  by H arris  (37 ). The NE system f o r  sheep proposed by 
B attray  and G a rre tt (85) i s  a ls o  o f th i s  type.
C. The n e t energy systems and t h e i r  d iffe ren c e s
1. The c la s s ic  n e t  energy system 
The c la s s ic  n e t energy system i s  diagrammed in  F igure k  (71, 73). 
I t  i s  in d ic a te d  th a t  th e  n e t energy requirem ent f o r  maintenance (NE^) 
i s  equal to  the  f a s t in g  metabolism and the  n e t energy f o r  production 
(NEp) i s  equal to  th e  c a lo r ic  value o f th e  product formed.
Moe and T y rre ll  (71) p resen ted  th e  d iffe re n c e s  among th e  n e t 
energy systems g rap h ic a lly  a s  shown in  F igure 5 . In  each diagram, the  
po rtion  below the p o in t o f zero  energy balance in d ic a te s  the  use of 
energy f o r  maintenance w hile th a t  above in d ic a te s  the  use of energy f o r  
production. As shown in  p a rts  A, B, and C, th e  n e t energy req u ired  f o r
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F ig , 5 . Four aethodfl o f describ ing  v a ria tio n  In  energy use (71).
maintenance i s  s e t  equal to  the  f a s t in g  metabolism. In  D, I t  I s  computed 
by reg re ss io n . Nearly a l l  n e t  energy systems a re  described  by C o r  D.
Above m aintenance, and p a r t ic u la r ly  ad  lib *  in take* th e  d iffe re n c e s  be­
tween these  two systems a re  minimal (71)*
In  p a r t  A* a  s in g le  l in e  rep re se n ts  the  r e la tio n s h ip  between MB 
In take  and energy balance below maintenance and ano ther l in e  rep re sen ts  
the  use o f energy above maintenance* This im p lies th a t  th e  use o f MB fo r  
e i th e r  maintenance o r  production i s  co n stan t and independent o f the  natu re  
of the  d ie t !  an assumption Im p lic i t  in  th e  TON* OB, o r  ME system s. Vari­
a tio n  in  th e  e ff ic ie n c y  w ith  which th e  OB o r MB o f d ie t s  i s  used f o r  pro­
duction  makes th i s  assumption v a lid . B art A a ls o  i l l u s t r a t e s  the  c la s s ic  
NE system shown in  Figure
In  p a r t  B* the  e ff ic ie n c y  of energy used f o r  maintenance i s  constan t 
bu t the  productive e ff ic ie n c y  i s  n o t. The amount o f v a r ia tio n  in  the  
amount o f MB requ ired  to  achieve a  given le v e l  o f production i s  a t t r ib u te d  
to  v a r ia tio n  in  e ff ic ie n c y  o f production r a th e r  than to  maintenance.
Maintenance and production e ff ic ie n c y  a re  both v a ria b le  In  p a r t  G, 
bu t one i s  a  fu n c tio n  of th e  o th e r . The C a lifo rn ia  system f o r  c a t t l e ,  th a t  
f o r  sheep described  by R a ttray  and G a r re t t ,  and the B r i t i s h  system proposed 
by B lax te r (4 , 60, 85) a re  o f th is  type.
Maintenance I s  expressed a s  a  fu n c tio n  of NEp in  p a r t  Df and the 
amount o f energy requ ired  f o r  maintenance I s  expressed in  term s of pro­
ductive  u n i ts .  This i s  th e  basic  assumption used in  the  s ta rc h  equ ivalen t 
(SE) system, th e  Scandinavian feed  u n i t  system (FU), the  new Rostock system 
(NEF), and a ls o  the  B e lts v l l le  NE system (31* 52, 71, 73* 79* 81). Moe 
and T y rre ll  (71) in d ica ted  th a t  a l l  NE systems in  common usage a re  xepre-
sen ted  "by p a r ts  G o r  D, w ith minimal d if fe re n c e s , p a r t ic u la r ly  a t  ad l i b .  
in ta k e s .
2 . Net energy systems 
Baaed on how maintenance requirem ents a re  determ ined, n e t energy 
systems may be grouped in to  th e  follow ing ( 71) *
a . Those in  which n e t energy requirem ent f o r  maintenance i s  
equal to  the  f a s t in g  m etabolism  and th a t  the  v a ria tio n  in  
e ff ic ie n c y  of energy used f o r  maintenance i s  le s s  than f o r  
productions
1) C a lifo rn ia  n e t energy system (CNES) (60)
2)  B r i t i s h  system (proposed by B lax ter and adopted by the  
A g ric u ltu ra l Research Council) (4-)
b . Those in  which th e  amount o f energy req u ired  f o r  maintenance 
o f th e  producing animal i s  in  terms of production u n its  o r 
th e  energy value f o r  productions
1) German o r Rostock system (NEF) (79)
2) B e lts v l l le  system (73)
a . l )  The C a lifo rn ia  n e t  energy system (CNES)
Lofgreen and G a rre tt (60) described  the CNES in  1968. The system 
p a r t i t io n s  gross energy to  m etabolizable energy and uses comparative 
s la u g h te r  methods f o r  determ ining energy re te n tio n  (5 9 ). M etabolizable 
energy was determ ined by balance t r i a l s  and th e  follow ing formula devel­
oped ( 59)*
ME -  GB -  (FE + UE + GPD) 
where ME -  m etabolizable energy, GE -  g ross energy of the  d i e t ,  FE -  
f e c a l  energy ex cre ted , UE * u rin a ry  energy excre ted , and GPD -  gaseous 
products o f d ig e s tio n . A ll were d i r e c t ly  determined except GPD which 
was estim ated  from the  formula o f Sw ift and French (33 ).
Net energy o f a  feed  was determined by the  fo llow ing p a r t i tio n in g  
o f energy ( 59)»
ME -  HI + NE, and NE -  M + P
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where NE -  Net energy, N ■ energy expended f o r  maintenance, P -  n e t 
Increase  in  energy o f products (new body t i s s u e ) ,  and HI -  h e a t in c re ­
ment. Maintenance energy (M) in c lu d e s i b asa l h ea t produced (B ), and 
h ea t from a c t iv i ty  (A) I
M -  B + A.
The t o t a l  heat produced (H) by an animal i s  th e  sum of th e  h ea ts  
generated  from a c t iv i ty  (locom otion, stand ing , e t c . ) ,  b a sa l h ea t and 
th e  ca lo rlg e n ic  e f f e c t  o f h ea t increm ent o f th e  feed  consumed (H l)t
H -  B + A + HI.
By combining th e  d i f f e r e n t  equations |
ME -  HI -  M + P 
B + A  + H I - M E - P  
H -  ME -  P.
In  the  l a s t  equation , ME and P a re  determined and H c a lc u la te d  
by d iffe re n c e . Energy re ta in e d  i s  determined by com parative s la u g h te r  
from chem ical composition of the  c h il le d  carcass  estim ated  by s p e c if ic  
g ra v ity  (61 ). To measure P, a  rep re se n ta tiv e  subsanple o f c a t t l e  a re  
slaugh tered  a t  the  i n i t i a t i o n  of th e  experiment and o th e r  groups a re  
slaugh tered  a t  the end o f th e  various treatm ent pe riods . P i s  determ ined 
from energy a cc re tio n  during  the  experiment (60 ). The accuracy of H i s  
dependent upon th a t  o f MB and P.
a .2) B r i t i s h  system
The p resen t B r i t is h  energy system can be traced  to  K e lln e r 's  
s ta rc h  values o r  s ta rc h  eq u iv a len ts  a s  adapted by Wood (106) in  1921. 
K e llne r ( 52) e s tab lish ed  th e  fo llow ing conversion fa c to rs  to  d e riv e  
s ta rc h  equivalents*
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M ultip ly  byi
1) D ig e s tib le  crude p ro te in  —— — ~ — 0.94
2) D ig e s tib le  crude f i b e r  — — — ——-  1.00
3) D ig es tib le  n itro g e n -free  e x tra c t  — -  1.00
4) E th e r e x tra c t  In  o i l  s e e d s ------------ — 2.41
in  g r a i n s -----------------------2.12
in  ro u g h ag es------------------1.91
At th a t  t l a e  however, Armsby (3) ob tained  h igher va lues f o r  th e  n e t
energy o f roughages than  d id  K e lln e r, a  f a c t  explained by th e  d iffe ren c e s
in  th e  n u t r i t io n a l  p lanes adopted in  German and American experim ents.
For th i s  reaso n . Wood (10?) increased  a l l  s ta rc h  equ iva len t va lues f o r
hay and straw s by 20$. Then l a t e r ,  the  2Q$ ad d itio n  was dropped from
straw s b u t re ta in e d  f o r  hay. Ryegrass hay, w ith 6% crude p ro te in  i s
estim ated  to  y ie ld  32.1 v s . 38*5 kg s ta rc h  equ iva len t by using  K e lln e r 's
and the  B r i t i s h  system s, re sp e c tiv e ly  (107).
b . l )  The Rostock (German) system 
The Oskar K ellner I n s t i tu t e  o f Animal N u tritio n  a t  Rostock, 
Germany, was e s ta b lish e d  in  1953 in  con tinua tion  o f K e lln e r 's  work and 
in  "developing a  g en e ra lly  a p p licab le  system o f feed  energy eva lua tion"  
(79)•  Ten "open system" re s p ira to ry  chambers were used f o r  s te e r s  and 
In s ta tin g  cows.
Proposal f o r  th e  new NEF system o f feed  evaluation  was made by 
Nehrlng e t  a l .  (80 , 81) to  th e  German Academy of A g ric u ltu ra l Sciences 
and i t  was accepted  in  1968 f o r  in tro d u c tio n  in to  p ra c t ic a l  a g r ic u ltu re  
by 1971.
T h e ir  energy feed  u n i t  i s  c a lle d  NEF (n e t e n e rg y ^ ^ ) and equals
the energy value o f 1 kc&l n e t energy produced in  a d u lt  anim als under
standard ized  co n d itio n s . NEF u n its  a re  subdivided in to  NEF f o r  c a t t l er
( r  f o r  R ind), NEFs  f o r  p igs ( s  fo r  Schwein) and NEF  ^ f o r  p o u ltry  (h  f o r
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Huhn). For p ra c t ic a l  feed  c a lc u la tio n s  a  so -c a lle d  "energy feed  u n it"  
(EF) i s  in troduced , which i s  a  m u ltip le  of 1 k ca l NEF. The EFr  equals 
2*5 k c a l NEF. The term "p ro te in  equ iva len t q u o tien t"  (PEQ) i s  a lso  
in troduced!
P E q  .  . t t f f B t t h l e  Pxvte j a r c f o l j .  x  t  000 
EF *
which i s  d ig e s tib le  crude p ro te in  in  1,000 EF o r 1 kEF.
The ta b le s  p resen ted  by Nehring (79) con ta in  th e  follow ings 
d ig e s t i b i l i t y  o f energy, energetic  feed  u n its  (EF/kg fe e d ) , energy 
con cen tra tio n  (EF/kg DM), and p ro tein -energy  q u o tien t (PEQ » d ig e s tib le  
crude p ro te in  in  1 kEF). A lso, ou tside  th e  range of 67 to  80# IE , 
c o rre c tio n  fa c to rs  a re  provided to  account f o r  In te ra c tio n s  o f n u tr ie n ts  
(a s so c ia t iv e  e f f e c t ) .
D aily  n u tr ie n t  requirem ents a re  th e re fo re  based on the follow ing!
1) Energy (EF)
2) D ig estib le  crude p ro te in  (g)
3) Energy concen tra tion  (EF/ 1 kg DM)
k)  P ro te in -energy  q u o tien t (H2Q).
Maintenance requirem ents fo r  a d u lt  anim als a re  given in  r e la t io n  
to  t h e i r  m etabolic body weight (W ^^); and separa te  requirem ents fo r  
maintenance and production a re  recommended f o r  m ilking cows and lay ing  
hens.
b .2 ) The B e lts v i l le  system
The B e lts v i l le  workers led  by Moe, F l a t t ,  and T y rre ll  (28 , 71, 73) 
approached the  problem of determ ining the  amounts o f energy requ ired  
fo r  various physio log ica l functions in  the  d a iry  cow by th ree  s te p s i 
f i r s t ,  by decid ing  on the  u n it  o r u n its  of expression! second, d e fin in g
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a method of r e la t in g  measurements o f energy "balance to  those u n its  j and 
th ird ,  developing the  re la tio n sh ip  between the energy value of fe e d s tu f fs  
and e a s i ly  measured c h a ra c te r is t ic s  of these  fe e d s tu f fs . They decided on 
n e t energy values r a th e r  than NE because of the  v a ria tio n  in  e ff ic ie n c y  
with which ME i s  used fo r  milk production— varying a s  the  proportion  of 
concen tra te  in  the  d ie t  changed.
Nearly a l l  o f th e i r  experiments involved such re la tio n sh ip  o f the 
d ie t  and the  e ff ic ie n c y  of energy f o r  milk production. Each experiment 
th a t  involved complete energy balance co n sis ted  of t o t a l  c o lle c tio n  of 
fec e s , u r in e , and milk f o r  5 t o  7 days and 2 to  4 re s p ira t io n  measure­
ments o f 24 h r  each on consecutive days. These were done on s ix  open- 
c i r c u l t  re s p ira t io n  chambers described  by F la t t  e t  a l .  (28) and techniques 
described  by Moe and F l a t t  (70 ). T o ta l h ea t production was ca lcu la te d  
from the re s p ira to ry  exchange by the  equation adopted by the  European 
A ssociation  of Animal Production (EAAP) and developed by Brouwer (9)1 
kcal h ea t ■> 3*866 x l i t e r s  0^ consumed + 1.200 x
COg produced -  0.518 x l i t e r s  CH  ^ produced 
-  1,^31 x g u rin a ry  N.
The energy con ten ts  of feeds o ffe red  and feed  re fu sed , fec e s , 
u rin e , and milk were determined by d i r e c t  combustion under high oxygen 
pressure  in  an a d ia b a tic  bomb calorim eter*
ME in tak e  was c a lcu la te d  by su b tra c tin g  fe c e s , u r in e , and methane 
energy from the  gross energy in ta k e . T otal energy balance was c a lc u la t ­
ed by su b tra c tin g  hea t production (H i) from ME In tak e . T o ta l hea t pro­
duction was a ls o  computed from the carbon and n itrogen  balance using  the 
constan ts  described  by Brouwer (9)» The t is su e  balance of carbon and 
n itrogen was used to  compute re te n tio n  of p ro te in  and f a t .  These were
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assumed to  have c a lo r ic  values o f 5«7 and 9*5 k c l /g ,  re sp e c tiv e ly . The 
t o t a l  re ta in e d  hea t plua milk energy was su b trac ted  fro® MB in ta k e  to  
ob tain  t o t a l  heat production by th e  C -  N balance method.
3. TDK vs. n e t  energy
Noe and F l a t t  (73) brought out two views on th e  c u rre n t TDK vs. 
n e t energy controversy . The f i r s t  i s  th a t  th e  TDN system i s  inadequate 
to  rep re se n t the  energy value o f d i f f e r e n t  fe e d e tu ffs  and should be 
rep laced  w ith a  n e t energy system . The second i s  th a t  t h e n  may be 
d iffe re n c e s  in  th e  tru e  productive energy value of TEN bu t these  d i f f e r ­
ences a re  n o t la rg e  enough to  w arran t scrapp ing  th e  TIM system in  fav o r 
of a  n e t energy system which i s  based on only lim ite d  experim ental d a ta .
R esolution of th e  con troversy , accord ing  to  Moe and F l a t t  (7 3 ). 
has been handicapped by the  d i f f i c u l ty  o f In te rp re t in g  in p u t-o u tp u t 
measurements w ith la c ta t in g  d a iry  an im als. Body weight change does no t 
n e c e ssa r ily  r e f le c t  acc u ra te ly  changes in  body t is s u e  re se rv e s . Unde­
te c te d  m obiliza tion  of th i s  energy rese rv e  may s ig n if ic a n t ly  a f f e c t  th e  
amount o f feed  requ ired  per u n i t  o f  milk produced. As has been demon­
s t r a te d ,  the  la c ta t ln g  cow i s  ab le  to  m obilize extrem ely la rg e  amounts of 
body t is s u e  in  e a r ly  la c ta t io n  i f  fed  considerab ly  below h e r  a b i l i t y  to  
produce milk and conversely  during  l a t e r  la c ta t io n  i s  ab le  to  d ep o sit 
very la rg e  amounts o f body t is s u e  (2 9 ). The r e s u l t  i s  th a t  in p u t-o u tp u t 
experim ents, e sp e c ia lly  those  of sh o r t d u ra tio n , may be g re a tly  in fluenced  
by feed ing  in  re la t io n  to  th e  a b i l i t y  and s tage  o f la c ta t io n  of th e  
experim ental anim als.
The TDN system has been w idely used in  th e  U.S. and Canada s ince  
th e  e a r ly  1900*s. U ltim ate ly , feed  eva lua tion  systems provide values
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th a t  a re  t r u ly  r e la te d  to  productive performance o f an im als. Herein l i e s
th e  l im ita t io n  o f TDM am a  measure o f food energy. I t  does no t take  in to
account lo s se s  through th e  com bustible gases and heat lo s s .  The h ea t
lo sse s  a re  r e la t iv e ly  la rg e r  f o r  roughages than f o r  concen tra tes  i thu s a
kilogram  o f TDK in  roughage has I o b s  productive value than a  kilogram  of
TDN in  co ncen tra te  (63)* Moore e t  a l .  (7*0 repo rted  th e  fo llow ing  approx*
im ate re la t io n s h ip  between TDN and n e t energy i
0 .45 kg ( l  lb )  TDN in  corn ■ 1 Meal n e t energy
0.45 kg (1 lb )  TDN in  b e t t e r  hays -  0.75 Meal n e t  energy
0.45 kg (1 lb )  TDN in  poor roughage •  0.50 Meal n e t energy
4 . A ssoc ia tive  e f f e c ts  o f r a t io n  composition 
When th e  p roductive value o f  a  mixed d ie t  i s  g re a te r  than th e  . 
a r ith m e tic  mean o f th e  in g re d ie n t fe e d s tu f f s ,  a s so c ia tiv e  e f f e c t  i s  the  
cause (73)* Kromann (57) defined  a s so c ia tiv e  o r  in te r a c t io n a l  e f f e c t  of 
feeds a s  a  "two-way" dependency when th e re  a re  two in g re d ie n ts , and a  
"n-way" dependenoy when th e re  a re  n in g re d ie n ts  in  a  ra t io n . This i s  
because d ig e s t i b i l i t y  of a  feed  i s  n o t only in fluenced  by i t s  composi­
t io n  bu t a ls o  by th e  compostion o f o th e r  feeds a s  p a r t  o f th e  r a t io n .
F ib e r  d ig e s t i b i l i t y ,  f o r  in s ta n c e , i s  reduced when i t  c o n s t i tu te s  a  
sm all p o rtio n  of a  high co ncen tra te  r a t io n  in  comparison to  i t s  d ig e s t­
i b i l i t y  when i t  comprises a  major p o rtio n  (55) • One l ik e ly  po rtion  of 
a s so c ia t iv e  e f f e c t  i s  due to  one o r  both ra t io n  components being n u t r i ­
t io n a l ly  Imbalanced when fed  alone ( 73) .
Kromann ( 58) questioned the  assum ptions o f NE workers (4 , 60, 73) 
th a t  v a rio u s fa c to r s  were co n stan t among th e  cond itions in  which the  
energy systemB would be used o r t h a t  v a r ia tio n s  would be minimal. He 
s ta te d  t h a t  these  assum ptions a re  only v a lid  w ith in  lim ite d  resea rch
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environments bu t may be questioned In  o th er environm ents.
The d a ta  o f Noe e t  a l .  (73) from 5*0 energy balance t r i a l s  were
m ostly from mixed d i e t s , and hence could not be used to  reso lve  questions 
on a s so c ia t iv e  e f f e c ts .  However, from the l in e a r  re la tio n sh ip  between 
n e t energy value and concen tra tion  of ME or DE, they deemed i t  "un like ly  
th a t  la rg e  e r ro r s  w il l  r e s u l t  from the assumption of l in e a r i ty  on a  prac­
t i c a l  b a s is ,"
Nehring e t  a l .  (79» 8 l)  reported  on a sso c ia tiv e  e f fe c ts  in  th e i r  
NEF system. From reg ress io n  analyses of more than 500 metabolism t r i a l s ,  
they  found th a t  i f  the c a lcu la te d  DE as a percentage of GE i s  6? to  80#,
n e g lig ib le  a s so c ia tiv e  e f f e c ts  a re  apparent. The decrease in  energy
value in  r e la t io n  to  values obtained in  re s p ira t io n  experiments was le s s  
than two p e rcen t w ith in  the  6? to  80# range. I t  i s  w ith ra t io n s  with 
o a lc u la te d  r a t io n  DE below 67# th a t  a co rrec tio n  i s  necessary . These 
eq uations , a s  shown below, assume th a t  a s so c ia tiv e  e f fe c ts  always de­
c rease  w ith energy d ig e s t ib i l i t y .
C orrection  f a c to r  -  0.03997V -  0.0002601V2 -  0.532,
where V » (BE/GE) x  100. Thus i f  the c a lcu la te d  V of a ra tio n  were 50,
2
then  th e  c o rre c tio n  f a c to r  would be 0,03997 x 50 -  0.0002601 x 50 -  0.532 
-  0 .816. T herefore , the DE of a  t o ta l  ra tio n  would be only 81.6# of the 
value c a lc u la te d  from the DE. The co rrec tio n  fa c to r s  were presented in  
ta b u la r  form in  1973 (79)? such th a t  a  DE of 65.0  to  66.9 i s  given a 
c o rre c tio n  f a c to r  of 0.97 with which to  a d ju s t the  value , e tc .
5. Use of n e t energy terms 
Net energy may a ls o  be p a r ti tio n e d  in to  th ree  ca teg o ries  in stead  
o f th e  usua l NE  ^ + n e t energy f o r  maintenance (NE^), n e t energy f o r  
gain (NEg), and n e t energy fo r  la c ta t io n  (NE^a c ) (55)»
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NE -  GE -  (FE + UE + GPD + Hi)
NE -  NE + NE + HE- . 
m g  i e c
In  the  U .S ., th ere  a re  two systems of expressing  n e t  energy values 
o f fe e d s t l )  th e  C a lifo rn ia  n e t  energy system (CNES) f o r  beef c a t t l e  
wherein NE » NEm + NEg , and 2) th a t  of the  NRC, a s  adopted from the 
1970 recommendations f o r  beef c a t t l e  ( 60) and the  B e lts v i l le  system (73) 
wherein » O.O85 M c a l/k g '^ .
European feeding systems use o th e r  terms 1 l )  th e  B r i t is h  n e t 
energy system , based upon ME, 2) n e t e n e rg y ^ ^  or NEF, a s  worked out a t  
Rostock, Germany, and 3) the  Scandinavian feed  u n i t  (FU), based upon feed 
replacem ent va lues (55)• This excludes term inology used in  France, R ussia, 
N etherlands, Denmark, e tc .
Moe e t  a l .  (73) recognized th a t  the  s i tu a t io n  in  th e  U.S. could
lea d  to  confusion in  the use of e i th e r  NE . . .  o r  NE. . . .  — whichmilk lactatlng cows
have th e  same meaning. They recommended the  use o f N E ^ ^ ,  "whether the 
value i s  estim ated  o r  measured, i f  i t  i s  in tended to  re p re se n t the  energy 
value in  u n its  o f milk energy o r  i t s  e q u iv a le n t.. .  and in  keeping with 
NRC recommended term inology." Furthermore, they suggested rese rv in g  the  
term Estim ated Net Energy (ENE) fo r  the  values derived  by Morrison ( 76) 
and inco rpo ra ted  in to  h is  book, o r those derived  from those values such 
a s  th e  equation of Moore e t  a l .  (7*0«
ENE -  1.393 TDN -  3^.63 
where ENE i s  Mcal/lOO lb  and TDN i s  lb/lOO lb .
Knox and L oosli (55) in d ic a te d  th a t  the  ENE system i s  of r e s t r i c t ­
ed value fo r  d a iry  and beef c a t t l e  ra t io n s  because of two reasons 1
l )  i t  i s  based on lim ited  d a ta  and 2) moot o f the  values a v a ila b le  a re  
estim ated  from TIBI, thus any fa c to rs  a f fe c tin g  TDN determ inations and
2?
subsequent feed  values would a f f e c t  c a lcu la te d  ENE con ten t o f feed .
6. Net energy f o r  milk production 
Moe e t  a l .  (73) summarized r e s u l ts  o f 543 balance t r i a l s  to  p a r t i ­
t io n  the  energy req u ired  by la c ta t in g  cows In to  maintenance and produc­
tio n  components and to  determ ine th e  in fluence  of energy source on the 
e ff ic ie n c y  w ith which d ie ta ry  energy i s  used f o r  milk production . This 
was based on d a ta  from experim ents a t  th e  Energy Metabolism Laboratory 
a t  B e l ts v i l le ,  Maryland between 1962 to  1968. The amount of energy 
requ ired  fo r  maintenance o f a non-pregnant la c ta t in g  cow in  body energy 
equilib rium  and in g e s tin g  a  d ie t  o f optimum p ro te in  con ten t and under 
cond itions o f lim ite d  physica l a c t iv i ty  was 0.073 Meal ( N E ^ ^  per k g * ^  
body w eight). The amount o f n e t energy req u ired  f o r  milk production was
0.74 Meal pe r 4# PCM. They obtained the  fo llow ing re la tio n sh ip s
between values o f d ie t s  and o th er expressions of energy value 1
NEmijk (Mcal/kg DM) -  0.30756 DDM -  0.47
-  0.677 I® (Mcal/kg DM) -  0.36
-  0.703 ME (Mcal/kg DM) -  0.19
-  0.026656 TDN -  0.12
-  0.809 ENE (Mcal/kg DM) + 0 .5 4  
where DDM «* d ig e s t i b i l i t y  o f dry m atter.
The N ational Research Council (78) in  the  1971 N u trien t Require­
ments f o r  Dairy C a ttle , has s e t  th e  maintenance requirem ent of la c ta t in g
oows a t  0.085 Mca* ^ l a c t a t i n g  cows^kg ^  0114 providing f o r  cm a d d itio n a l 
20# maintenance allowance during the f i r s t  la c ta t io n  and 1056 during  the 
second lac ta tio n *  Such an adjustm ent from the  o r ig in a l  d a ta  o f 0.073 Meal 
from Moe and F l a t t  ( 72) allow s f o r  the o th e r fa c to rs  th a t  in fluence  energy
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lo s s e s . These fa c to r s  a re  pregnancy, n u t r i t io n a l  imbalance, d ise a se , 
t is s u e  energy ga in , environm ental s t r e s s ,  and e x e rc ise . Nearly a l l  such 
f a c to r s  operate  to  reduce apparen t m etabolic e ff ic ie n c y  o f production in  
commercial d a iry in g .
D* Use of Estim ated Net Energy (ENE) in  DHIA feed  recommendations
Through th e  Dairy Herd Improvement Record (Monthly Report DHIA- 
200) which i s  n a iled  monthly by the Southern Regional Dairy Records 
Processing  Center to  dairymen in  th e  reg ion , c u rre n t inform ation on a l l  
cows in  th e  herd i s  provided which can be used in  feed ing , s e le c tio n , 
breeding, and management. C alcu lation  o f pounds of g ra in  mix needed by 
each, cow to . m aintain h e r body, weight and le v e l  o f production recorded f o r  
th e  c u rre n t month i s  provided. The c a lc u la tio n  i s  based on estim ated  n e t 
energy requirem ents, and takes in to  considera tion  s iz e  o f cow, amount 
and q u a lity  of fo rages consumed, pounds of milk produced, and percen t 
b u t te r f a t  on t e s t  day, age of cow, and s ta te  of pregnancy. Exceptions 
to  the  " in d ica ted "  amount of g ra in  in c lu d e 1 a )  cows in  th in  co n d itio n , 
m ilking o r  d ry , b) " lead  feeding" a f t e r  ca lv in g , c ) cows th a t  have 
increased  in  milk s in ce  l a s t  t e s t  day, d) when production; i s  dropping
1
too  ra p id ly , and e) when cows a re  consuming le s s  forage o r lower q u a lity  
forage than was repo rted  f o r  th e  herd on t e s t  day (25) .
Concentrates have been estim ated  to  y ie ld  70 Meal of n e t energy 
p e r h5 .h  kg (100 lb )  o f fe e d s tu f f ,  while forages y ie ld  from 8 to  
Mcal/h5.4 kg f o r  green forage sorghum and e x c e lle n t a l f a l f a  hay, respec­
t iv e ly  (38 , 43, 5*0.
Energy value of forage consumed by the  cows in  th e  DHIA program 
i s  reported  in  terms of q u a lity  coden. The q u a lity  codes used in  Louisiana
and in s tru c tio n s  f o r  rep o rtin g  these  q u a li ty  oodes a re  shown in  Appendix 
Tables 1-3 . The q u a li ty  codes in d ic a te  the therms of n e t energy per 100 
lb  (M cal/45.4 kg) o f feed  in  th e  case o f hay and dry fo rag e i and depending 
on the  species o f fo rag e , rangeB from 28 to  M cal/45.4 kg of m a te ria l. 
For succu len t feed s , the  q u a li ty  codes in d ic a te  th e  Meal o f n e t energy 
p e r  45 .4  kg of s i la g e  o r green chop on an as fed  b a s is , and depending on 
spec ies  of forage and stage  of m atu rity , ranges from e ig h t to  18 Meal ENE 
p e r 45 .4  kg o f m a te ria l. The q u a li ty  codes fo r  pastu re  rep re se n t the 
estim ated  n e t energy consumed p e r 45 .4  kg body w eight.
An " In s tru c tio n  Manual f o r  Reporting In d iv id u a l Cow Records and 
Herd Data f o r  C entra l Processing" (94) i s  provided to  the  DHIA Supervisors 
o f L ouisiana. The manual l i s t s  q u a li ty  codes f o r  rep o rtin g  ENE values of 
Louisiana fo rag es. Supervisors re p o r t  on a  herd b a s is  the  d a ily  amount 
o f forage a c tu a lly  ea ten  and the q u a li ty  o f the  fo rag e . These v a lu es, 
in  a d d itio n  to  the  rep o rted  body s iz e ,  d a ily  milk production and b u t te r f a t  
t e s t ,  a re  used f o r  c a lc u la tin g  the  d a ily  amount o f concen tra te  recommended 
f o r  each cow.
D aily n e t energy requirem ent f o r  each cow i s  f i r s t  c a lc u la te d  by
use of* +.h« follo>rirnr formula f i l l
■ Energy 
Requirement, 
Meal
Daily Net
Where1
X « Cow's body weight in  cwt. ( 45 .4  kg u n its )  
Y -  D ally milk production , lb  
Z e B u tte r fa t  t e s t ,  %
I30
The above form ula ( l )  was developed by Jones (47) on th e  b a s is  o f 
s tu d ie s  on energy requirem ents o f m ilk-producing cows (3 8 ). The f i r s t  
p a r t  o f the  form ula £4.7  + «55(X -  7)j c a lc u la te s  th e  cow 's energy 
requirem ent f o r  sa ln tenanoei X j^ ( .28 + .05(Z -  3 .0 )J develops the  
energy requirem ent pe r pound o f s i l k  a t  th e  In d iv id u a l cow 's le v e l  of
r  1 * 1b u t te r f a t  t e s t i  and 93 + 200 ^ncrsailBe8 the  energy re q u lre se n t a t  an 
ln o reasln g  r a te  a s  daily*$@oduotlon In c re a se s ,
A fte r  th e  d a lly  n e t energy requirem ents f o r  each cow i s  d e te r ­
mined, th e  d a lly  ENE consumed from fo rage  by th e  average cow in  the  herd. 
I s  determ ined, th e  d a lly  ENE consumed from fo rage by the  average cow in  
the  herd  i s  determ ined a s  shown in  Table-1.
TABLE 1
Determining d a lly  Estim ated Net Energy in ta k e  from fo rage
Kind of 
Forage Q uantity
Q uality
Code
Av Body 
Wt
Estim ated Net 
Energy (Meal)
( lb /d ay ) (cwt) (p e r  cwt) (p e r  kg)
Hay 10 x .40 4 .0 (8 .8 )
S ilag e  (com ) 20 x .18 3.6 (7 .9 )
P astu re * .30 X 12 3.6 (7 .9 )
T o ta l d a ily  ENE from forage 11.2 (24 .7 )
The Meal o f ENE consumed from fo rage  by the  average cow In  the 
herd i s  d iv ided  by th e  average body weight o f the  cows in  the  herd to  
determ ine amount o f ENE consumed per 100 lb  (45*4 kg) body weight of 
cow. In  Table 1 , th e  average cow consumed 11.2 Mcal/lOO lb  (11.2 Meal/ 
45.4 kg) from fo rage  and weighed 1,200 lb  (545 kg).
Given the  ENE consumed from fo rage , the  amount o f ENE needed 
from g ra in  l a  thus the  d iffe ren ce  between the d a lly  n e t energy re q u ire ­
ment f o r  each cow and the  ENE from fo rage . The ENE needed from the 
concen tra te  m ixture, m u ltip lied  by the  re c ip ro c a l o f the  percen t ENE 
f o r  the  concen tra te  m ixture, determ ines th e  pounds o f co n cen tra te  to  
feed  each cow (1.1*3 f o r  70# ENE).
For example, th e  amount o f concentra te  recommended f o r  a  1,050 
lb  (1*76 kg) cow producing 27.53 lb  (12,5  kg) o f 1*0 FCM can be ca lcu ­
la te d  in  the  fo llow ing manner! Forage fed  per cow p e r day I s  10 lb  
(1*.6 kg) a l f a l f a  hay w ith q u a lity  code 1*01 20 lb  (9 kg) com  s ila g e  
w ith q u a li ty  code 18; and grazing  f a i r  q u a lity  p as tu re . Average body 
weight o f th e  herd i s  1,200 lb  kg).
D ally n e t energy requirem ent 
using form ula ( i )  ( 1 0 .2 ) ------------ —  15.1* M cal/lb  (33 .9  Mcal/kg)
T o ta l d a lly  ENE from f o r a g e ---------------9.98 M cal/lb  (22 .0  Mcal/kg)
ENE needed from g r a i n --------------- -------- 5.36 M cal/lb (11 ,8  Mcal/kg)
Grain needed (5*36 x 1.1*3)--------- ——  7.66 lb  (3 . 5 kg)
This recommendation of 7*66 lb  (3*5 kg) o f g ra in  i s  rep o rted  on
the  dairym an's monthly DHIA re p o rt as the pounds of co ncen tra te  in d ic a te d
to  feed  th is  cow according to  pounds of milk produced, b u t te r f a t  t e s t ,
body w eight, th e  amount and q u a lity  of fo rage  being consumed, and the
energy value of the  concen tra te .
By converting  th e  p astu re , s i la g e , hay and o th e r  feeds repo rted
by the superv iso r to  t h e i r  "good hay" replacem ent va lu e , the  " ra te  of
fo rage  feeding" (HFF) i s  computed by the  Processing C enter. The HFF i s
th e  amount of "good hay equ ivalen t"  fed  per day per one hundred pounds
of cow body weight. The ENE of good hay i s  considered to  be 1*3 (22 ),
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E. Accuracy of rep o rtin g  a c tu a l  EKE value o f feeds
E arly  re p o rts  (47,- 91) po in ted  ou t the  improvement In  c a lc u la tin g  
concen tra te  needed by th e  In d iv id u a l cow, and the  means o f re la y in g  th e  
in foxaa tlon  to  the  dairyman a s  p ra c t ic a l  feed ing  reconnendation in  th e  
DHIA feed ing  program. Senger (91) s ta te d  th a t  when the  q u a n tity  and 
q u a lity  of forage i s  a ccu ra te ly  rep o rted , the  ooncentxate recommended 
can be follow ed alw ost l i t e r a l l y  and w ith e x c e lle n t r e s u l t s .
However, the  l im ita tio n s  of th e  system th a t  were l i s t e d  ten  years 
ago by Matheme (62) s t i l l  p e r s i s t .  These l im ita t io n s  a re i  l )  inaccu­
racy  in  rep o rtin g  forage q u a li ty , 2) inaccuracy in  re p o rtin g  d a ily  in ta k e  
of fo rag e , 3) inaccuracy in  rep o rtin g  body weight of cows. A fo u rth  
l im ita t io n , th e  inaccuracy in  re p o rtin g  dry m atte r co n ten t o f s i la g e s  
has been overcome by making s ila g e  consumption repo rted  on an "as fed" 
b a s is  and changing the q u a lity  codes f o r  s i la g e  in to  values represen­
t in g  ENE on an "as fed" b a s is  (22).
There i s  l i t t l e  o r no d i r e c t  inform ation about the  accuracy of 
dairymen in  estim ating  amounts o f forage as DHIA forage e stim ates  usu­
a l ly  a re  obtained d ir e c t ly  from the herdsman and a re  no t v e r i f ie d  by 
the  A ssociation  superv iso r. Thus the  r e l i a b i l i t y  of the  measures i s  a  
re f le c t io n  of the  e f fo r ts  and a b i l i t y  o f dairymen to  estim ate  average 
q u a n ti t ie s  o f forage fed  ( 67) .
Corley e t  a l .  (19) rep o rted  a  study of 46 DHIA herds in  Wisoonsin 
in  which re p o rts  of DHIA superv iso rs were analyzed along w ith  a p p ra isa ls  
made by fieldmen of an a u x il ia ry  resea rch  p ro je c t. C o rre la tio n  between 
re p o rts  of DHIA superv iso rs and the p ro je c t fieldmen were 0.73 f o r  hay 
fed , 0.86 f o r  s i la g e  fed , and O.96 f o r  tape weight o f cow6.
In  ano ther study u sing  8,048 y e a rly  herd average records of 
H olste in  herds from 23 s t a te s ,  M ille r  (66) determ ined the  value of 
fa c to rs  measured In  DHIA re p o r ts  in  p re d ic tin g  Income over feed c o s t.
The complete model In  th e  m u ltip le  reg ress io n  included  ten  v a ria b le s t 
milk y ie ld ,  milk p r ic e , concen tra te  fe d , p r ic e  of co n cen tra te , percen t 
days in  m ilk, succu len t fo rag e , dry fo rag e , days on p astu re , f a t  per­
c e n t, and herd s iz e . The ten  v a ria b le s  accounted f o r  94.4# of the 
v a ria tio n  In  income over feed  c o s t. Milk, milk p r ic e , concen tra te , 
and g ra in  p rice  to g e th e r  accounted f o r  91# of th e  variance . The mea­
surement of succu len t fo rag e , dry fo rag e , and p astu re  reduced the 
variance in  income over feed  c o s t  by only th ree  to  fo u r percen t. M ille r 
considered i t  doub tfu l th a t  forage e stim ates  a s  p resen tly  obtained 
ju s t i f y  the  time and expense req u ired  to  c o l le c t  them.
F. Costs of ENE as reported and calculated in the DHIA program
The e le c tro n ic  d a ta  processing  system of c a lc u la tin g  co s ts  of 
ENE from forage charges a l l  harvested  fo rages a t  t h e i r  Hgood hay equiva­
le n t  values" (q u a lity  code 43) and p astu re  a t  one-ha lf of i t s  "good hay 
equ iva len t value" (22). Appendix Tables 1 through 5 show how to  d e te r ­
mine q u a lity  ra t in g s  of e x c e lle n t, good, f a i r ,  and poor fo rages. Appen­
dix  Table 6 , adapted from Jones (4 8 ), shows the  r e la t iv e  d o l la r  value of 
hays and succu len t feeds according to  t h e i r  q u a li ty  code.
G. Milk production response to  various feed  energy sources
1. Varying concentra te-to -roughage r a t io s
There have been se v e ra l symposia o r reviews concerning various 
aspec ts  of varying le v e ls  of forage and concen tra te  feeding of d a iry  cows 
(8 , 16, 24, 53, 54, 100, 102), However, In  many of the s tu d ie s  c i te d .
forage o r  roughage was no t r e s t r i c te d ,  and concen tra te  le v e ls  were up 
to  80% DM. At th is  le v e l ,  reduc tion  in  milk f a t  u su a lly  occurs,depend­
ing  on th e  p a r t ic u la r  concen tra te  in g re d ie n ts , na tu re  o f the  fo rage , 
and methods of feed ing  (10, 12, 30, 50, 82, 89, 97).
K esler and Spahr (53) p resen ted  d a ta  which In d ica ted  th a t  the  
maximum n u tr ie n t  in ta k e  i s  a t ta in e d  when the  concen tra te  makes up 50 
to  60# of the  t o t a l  d ry  m atte r consumed. Extremely high le v e ls  of 
concen tra te  feed ing  tend to  depress milk f a t  percentage and production 
while feed ing  g ra in  a t  low le v e ls  to  cows with high production p o te n tia l  
tends to  l im i t  economical m ilk production (^2 ).
The e n t i r e  range of concentrate-roughage combinations was inves­
tig a te d  by workers (82) a t  the  F rank lin ton  s ta t io n  in  L ouisiana. Twenty 
cows were randomly assigned  to  one of f iv e  com pletely p e lle te d  ra tio n s  
of the  fo llow ing  C oastal berm udagrass/concentrate ra t io n s !  ( i )  100iO,
( I I )  75*25, ( I I I )  50*50, (IV) 2 5 i75. and (V) OilOO. Lucas’ switchback 
design was used to  study the  e f f e c t  on voluntary  in ta k e , d ig e s t ib i l i t y ,  
milk y ie ld , and com position. The r e s u l ts  showed a h igh ly  s ig n if ic a n t  
( P < ,0 l )  in c rease  in  FCM production from the anim als fed  concentra te  
over those on th e  a l l - fo ra g e  ra t io n . There was a ls o  a  h igh ly  s ig n i f i ­
can t decrease in  percen t milk f a t  w ith increased  percen t o f concen tra te  
in  th e  ra t io n .
2. Importance of roughage in  the d ie t
Many m etabolic changes occur when both beef and d a iry  c a t t l e  a re  
fed  very high le v e ls  o f concen tra te  and low roughage as compared to  those 
fed  low le v e ls  o f concen tra te  and la rg e r  amounts of fo rag e . Some of these 
changes occur in  the  rumen, Inc lud ing  dim inished rum ination, a  decreased
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a c e ta te -to -p ro p io n a te  r a t i o  (C2iC3 r a t i o ) ,  reduced rumen pH, and under 
some co n d itio n s , very high le v e ls  o f la c t ic  a c id  (49 , 50, 83). Metab­
o l ic  problems which may be a sso c ia ted  w ith h igh -concen tra te  feed ing  in  
both beef and d a iry  c a t t l e  Include p a rak era to sis  of rum inal ep ithelium , 
Increased  b lo a t ( fe e d lo t b lo a t) ,  c a t t l e  going o ff  fee d , founder ( lam in i-  
t i s ) ,  l i v e r  abscesses, g a s tr ic  im paction, depraved a p p e tite , c o n s tip a tio n , 
d ia r rh e a , increased  incidences o f d isp laced  abomasum, and possib ly  o th e r  
in d ic a tio n s  of enterotoxem ia (34, 46, 64, 92).
That roughage plays an im portant ro le  in  m aintaining th e  h ea lth  
and fu n c tio n  o f the  rumen in  c a t t l e  i s  known (14 ), S tud ies have been 
rep o rted  on excluding roughage o r  s u b s ti tu t in g  i t  w ith i n e r t  m ateria l 
l ik e  polypropylene in  ra t io n s  of c a t t l e .  Wise e t  a l .  (105) noted th a t  
when roughage i s  no t included in  the  ruminant ra t io n , se v e ra l req u ired  
n u tr ie n ts  a re  decreased and c e r ta in  physio log ical fa c to r s ,  inc lud ing  
bulk o r  "roughness fa c to r"  may be lack ing . Welch and Smith (104) noted 
th a t  when polypropylene ribbon was fed  to  cows in  which milk percentage 
had been depressed by a  ra t io n  comprised p rim arily  of concen tra te  and 
p e lle te d  ground a l f a l f a  hay, rum ination a c t iv i ty  re tu rned  to  normal, 
bu t milk f a t  t e s t  was unchanged. Cunningham e t  a l .  (21) repo rted  th a t  
feed ing  polyethylene p e l le t s  was in s u f f ic ie n t  in  a l le v ia t in g  the  unde­
s i r a b le  e f f e c ts  a sso c ia ted  with omission of n a tu ra l roughage from ra tio n s  
o f la c ta t in g  cows. Feed in tak e  was no t m aintained a t  a  s a t is fa c to ry  
le v e l ,  and the  proportion  of v o la t i le  f a t t y  a c id s  was not commensurate 
w ith production of milk having a  d e s ira b le  f a t  percentage.
I t  i s  e s s e n t ia l  th a t  c a t t l e  be adapted to  h ig h -lev e l concen tra te  
feed ing  (46, 75)* Presumably a t  l e a s t  p a r t  of the adap tation  e f fe c t  i s
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necessary f o r  maximum e ff ic ie n c y  in  u rea  u t i l i z a t io n  by c a t t l e  (15)*
3* Corn s ila g e  as a  so le  roughage source 
I n te r e s t  in  a l l - s i l a g e  roughage feed ing  was su s ta in ed  by the  
fo llow ing  reasonst l )  high energy y ie ld ,  where com  can he grown,
2) s i la g e  feed ing  i s  e a s ie r  to  automate and in co rp o ra te  in to  a  
complete r a t io n  program than hay feed in g , 3) hay cu ring  i s  d i f f i c u l t  
and f ie ld -c u r in g  lo sse s  a re  h igh in  some a re a s , and 4) d e c lin in g  d ig e s t­
i b i l i t y  w ith hay o r  haycrop s ila g e  w ith m atu rity  and cows v o lu n ta r ily  
consume le s s  DM from them, hence e n s ilin g  minimizes such change in  DM 
d ig e s t ib i l i t y  (17, 39» 96).
Reports since  1958 have compared all-legum e g rass  s i la g e  feed ing  
programs w ith  hay programs o r  combination hay and g rass  s i la g e  programs 
f o r  sh o rt periods of time ( l ^ ,  17, M ) . These in d ic a te d  th a t  an a l l -  
s i la g e  fo rage  program was in f e r io r  to  feed ing  regimes o f high q u a li ty  
hay o r combination of hay plus s i la g e . Likewise, both fo rage  in ta k e  and 
milk production were lower f o r  the s i la g e - fe d  cows in  a l l  th ese  s tu d ie s . 
However, m ilk production has been s im ila r  in  s tu d ie s  comparing corn 
s ila g e  to  hay o r a  mixture of hay and com  s i la g e  a s  the  roughage source 
f o r  la c ta t in g  cows (13, 27, 98). Hemken and V andersall (39) a rr iv e d
a t  the same conclusion as d id  e a r l i e r  re p o rts  (35, 93). In  these
e a r l i e r  re p o r ts , DM In take was g en era lly  lower fo r  s i la g e - fe d  cows, but 
milk production was as h igh, and sometimes h igher on th e  s ila g e  program 
as  i t  was on th e  hay programs.
\
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I I I .  STATEMENT OF THE PBOBLEM
In creas in g  feed  p r ic e s  from $66-$77 i a  1972 to  $137 In  1973 p e r 
ton of concen tra te  has a ffe c te d  even th e  la rg e  d a iry  . f a n s  w ith  h igher 
ln v e s ta e n ts  (99)* In  June, 1973» soybean s e a l  went up to  $496 per ton 
a t  D ecatur, 1 1 1 ., a lthough I t  has eased o ff  since  then . In  the  preceding 
y ear, i t  was about $99 per to n . Corn p r ic e s  alm ost doubled from 1972 to  
an average of $90 per ton  ($ 2 .42/bushel) In  1973 a t  Chicago (23 ). The 
s i tu a t io n  in  1973 a ls o  re s u lte d  in  more than 100 Louisiana d a iry  farm ers 
leav ing  th e  business fro n  January to  September. In  September, 1973* I t  
was estim ated  th a t  a  p rice  o f $12 per 45 .4  kg of 4# milk was needed to  
make d a iry in g  p ro f i ta b le  in  Louisiana in s te a d  of the  $9.49 per 45 .4  kg 
and feed  p ric e s  th a t  were p re v a ilin g  then (99)*
Table 2 shows the  m ilk-feed  p rice  r a t i o  in  the U.S. every f iv e  
years from 1950 through 1970 and every y ear th e re a f te r .  The r a t i o  r e p re -
TABLE 2
TrendB in  feed  c o s ts  and m ilk-feed  p rice  re la tio n sh ip s3.
Dairy ra t io n  c o s t M ilk-feed A lfa lfa  hay
Year per 45 .4  kg® _ p rice  r a t io p rice  per 900 kg
1950
$
3.08 1.24
*
30.90
1955 3.10 1.28 33.70
I960 2.88 1.45 31.60
1965 3.02 1.40 33.00
1970 3.28 1.74 34.69
1971 3.44 1.70 37.57
1972 3.40 1.72 40.00
1973, a s  o f Ju ly 1.46 -
aFrom Dairy S itu a tio n , USDA Economic Research Service (36) 
bDairy ra t io n  c o s t i s  c o s t  of 16# concen tra te  r a t io n .
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se n ts  a  kilogram  of concen tra te  ra t io n  equal to  1 kg of m ilk. The s i t ­
ua tio n  improved in  1970 and has remained above 1.70 u n t i l  1972. As of 
Ju ly , 1973* i t  had dropped to  1 .1*6, On a  monthly b a s is , June 1973 mas 
ano ther record  low of 1 .21 , and had never been so unfavorable sinoe Ju ly  
1955 (23 ). The ta b le  a ls o  shows th a t  low ra tio n  coBt by i t s e l f  does not 
r e s u l t  in  favorab le  s i tu a t io n s !  in  1969 f o r  In stan ce , although the  d a iry  
ra t io n  was $2 .88 /45 .4  kg* m ilk-feed  p rice  r a t i o  was lower (1 .45) than 
in  1970 (1 .74 ) when ra t io n  c o s t was $3.28.
Louisiana s tu d ie s  regard ing  the  feeding  program o f L ouisiana DKEA- 
e n ro lled  farms have shown l i t t l e  change in  e i th e r  proportion  of estim ated 
n e t  energy (ENE) from concen tra te  and o th e r feed  o r w ith t o t a l  ENE ( 36, 
62, 90) .  T hese .s tud ies  have determined the  ENE as  reported  from DHIA herd 
production records to  a sc e r ta in  adequacy in  terms of repo rted  milk pro­
duction  and in  comparison w ith c u rre n t feeding  standards l ik e  the  Morri­
son’s feed ing  standards ( 78) .  T heir adequacy however was lim ited  by 
estim ates  o f forage ENE. Overrated q u a li ty  o r  overestim ated amount of 
forage consumed by cows could have caused a  h igher in d ic a tio n  of ENE 
in ta k e  than a c tu a lly  e x is te d  (36 , 62). Thus the  apparen tly  low PCM pro­
duction  per Meal ENE consumed appeared a s  combined components o f poor 
management p ra c tic e s , low g en e tic  p o te n t ia l ,  and overestim ated forage ENE 
(62 ).
M ille r  (66, 67) ,  from h is  analyses of DHIA yearly  herd average 
reco rd s , has ra ise d  doubts about using such records fo r  the  c r i t i c a l  
exam ination of n u t r i t io n  and management problems. He pointed ou t two 
sources of e rro rs  in  measurement! f i r s t ,  chance dev ia tions of recorded 
estim ate  from the  tru e  value of the  f a c to r  (g ra in  o r forage fed  per cow, 
e t c . ) ,  and second, system atic  e rro rs  l ik e  Inadequate d e f in i tio n  of
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procedures o r  f a u l ty  c a l ib ra t io n  o f  s c a le s .  Measures of feed  and c o s t 
In p u ts , he pointed o u t, a re  l ik e ly  to  be le s s  r e l ia b le  than production 
e s t i  n a te s  because th e  form er a re  u su a lly  supp lied  by the  herds nan and 
a re  no t su b je c t to  Independent v e r i f ic a t io n  by th e  MIA superv iso r.
N evertheless, th e  DHIA re p o r ts  n o t only provide valuab le  inform a- 
t io n  in  th e  genetic  lnprovenent of n l lk  y ie ld  o f cows, bu t a ls o  provide 
the  dairyman h is  estim ated  income over feed  c o s t  which can guide h is  feed  
buying d ec is io n s . The re p o r ts  p o in t ou t the  re la tio n s h ip  between milk 
production and feed ing  le v e ls  o f g ra in , hay and s i la g e  a s  w ell a s  a v a i l ­
ab le  p a stu re . Weaknesses may be po in ted  out f o r  the  dairym an 's a t te n t io n  
a s  has been done In  p a s t analyses o f  DHIA re p o r ts  (36, 62, 65» 66, 6? ).
As a  medium f o r  education and dem onstration purposes, the  DHIA 
program provides ex tension  education s p e c ia l i s t s  w ith inform ation which 
can be used to  s tim u la te  dairymen to  ev a lu a te  t h e i r  breeding and feed ing  
p ra c tic e s . This i s  made by pooling d a ta  from many herds, and thus ch ar­
a c t e r i s t i c s  o f p ro f i ta b le  d a iry  e n te rp r is e s  can be determ ined in  a  gen­
e ra l  sense.
This study was conducted to  determ ine feed  energy le v e ls  and along 
w ith o th e r  management v a r ia b le s , e stim ate  th e i r  re la tio n sh ip s  to  milk 
production and income over feed  c o s t .  The o b jec tiv es  o f th is  study werei
1) To determine th e  e f f e c t  o f ENE in take  and o th e r  v a ria b le s  on 
milk production and Income over feed  c o s t  o f L ouisiana DHIA-enrolled cows.
2) To compare th e  a c tu a l  ENE in ta k e  of Louisiana DHIA-enrolled 
cows w ith e s ta b lish e d  feed  energy recommendations f o r  d a iry  c a t t l e .
3) To compare ENE in tak e  and p roportions o f concen tra te  and rough­
age fo r  milk production between the  p resen t and p a s t Louisiana DHIA s tu d ie s .
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IV. EXPERIMENTAL PROCEDURE
A. Sources and tr& nsfom atlon  of d a ta
The main source o f d a ta  f o r  th is  study was the  L ouisiana Dairy 
Herd Improvement A ssociation  (DHIA) records on a  monthly h a s is  fo r  the  
period  from January , 1971 through December, 1972. The reco rds were com­
posed o f 93 H o lste in , 25 Guernsey, 20 Je rse y , and 33 mixed herds which 
a re  members o f th e  DHIA and whose records a re  processed by E lec tro n ic  
Data P rocessing  Machines (EDPM) by the Southern Regional Dairy Records 
P rocessing  Center a t  North C aro lina  S ta te  U n iv e rs ity , R aleigh. The 
reco rds rep resen ted  2,893 herd month observations, in  tu rn  rep re sen tin g  
29,326,520 cow days in  m ilk.
The monthly herd records o r  EDPM card no. 7 c o n s is ts  o f coded 
in form ation  about the  Monthly Report DHIA-200, and i s  se n t to  th e  L.S.U. 
Cooperative Extension Serv ice from Raleigh in  keypunched computer ca rd s . 
The form at o f EDPM card  no. 7 i s  shown in  Table 3*
Average d a ily  feed  energy In take  on a  herd month b a s is  was obtained 
from rep o rted  in tak e  o f co n ce n tra te , s i la g e , and hay and th e i r  average 
ENE va lues. The ENE values a re  expressed in  term s o f m egacalories per 
100 pounds o f f e e d s tu f f ,  on an "as fed" b a s is , which a re  the  q u a li ty  
codes a s  used by the  dairyman and th e  DHIA superv iso r.
D aily  t o t a l  roughage and pastu re  ENE In tak e  by months and f o r  the  
e n t i r e  tw o-year period were obtained  from the r a te  of forage feed ing  
(RFF) and average livew eigh t o f anim als from the.DHIA.yearly herd averages. 
Average livew eight o f anim als f o r  th e  e n ti r e  two-year period was assumed 
to  be c o n s tan t in  th e  monthly roughage and pastu re  ENE v a lu es. Formula
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table: 3
Layout of BDFM card  no. 7
from DHIA monthly herd records
Column Item  and Unit .
1 2 Herd Code t S ta te
3 - 4 County
5 - 8 Herd
9 tm 12 Cow months
13 - 18 Cow days
19 - 21 Percent days In  milk
22 - 24 Milk, lb
25 - 26 B u tte r fa t ,  %
27 - 29 B u tte rf  a t ,  lb
30 •m 31 C oncentratei amount, lb
32 m 33 ENE, Mcal/100 lb
34 _ 36 S ilag e i amount, lb
37 mm 38 ENB, Mcal/100 lb
39 mm 40 Hayt amount, lb
41 - US ENB, Mcal/100 lb
43 - 45 Supervisor No.
46 - 47 Bate of Forage Feeding, lb  "good hay equivalent**
48 - 50 Value product, $
51 • 53 Costt co n cen tra te , $
54 mm 56 Costi feed , $
57 mm 58 Center da te
59 - 60 Dates t e s ts  month
61 - 62 day
63 - 64 receiveds month
65 - 66 day
67 - 68 maileds month
69 - 70 day
71 - 73 Age, months
74 Breeda
75 - 76 A uditors
77 - 79 A ssociation
80 Card Id e n t i f ic a t io n  (7)
aBreeds coded a s i 1—A yrsh ire , 2—Guernsey, 3—H olste in , 
4—Je rse y , 5—Brown Swiss, 8—Mixed.
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used f o r  th e  con fu ta tions I s  a s  fo llow s (25) 1
( I I )  Pasture ENE - (RFF x  LV x  0.43 x 2.2046)
-  ^ s l l ^ e  + ’“ hay).
Wheret
Pasture ENE ■ Mcal/cow/day
(RFF x LV x 0.43 x 2.2046) -  T o ta l roughage ENE In take  
RFF ■ Rate of forage feed ing , lb  "good hay equivalent"/iO O  lb  
livew eight 
LW ■ Liveweight, In  100 lb
0.43 ■ Q uality  code f o r  "good hay" replacem ent v a lu e , M cal/lb 
2.2046 ■ Facto r fo r  converting  M cal/lb to  Moal/kg
^silage " Weal/cow/day 
ENEh a y  “ Mcal/cow/day
Milk y ie ld  and f a t  were converted to  fo u r  percen t fa t-c o rre c te d  
milk (4£ FCM o r  FCM) by formula developed by Gaines (3 2 ).
O ther v a ria b le s  were considered  along w ith  feed  energy in ta k e  in  
t h e i r  re la tio n sh ip s  with FCM and income over feed  c o s t. These a re  p re­
sen ted  in  the  l i s t  of independent v a ria b le s  in  th e  reg ress io n  ana ly ses.
A ll d a ta  were converted to  m etric  u n i ts  and were then summarized 
by herd months and by herd year. The herd y ear summaries were keypunched 
and th e  computer cards were used in  th e  m u ltip le  reg ress io n  ana ly ses . 
O ther values which were derived  f o r  use in  the  reg ress io n  analyses were 
c o s t o f feed /45 .4  kg FCM and c o s t  o f co n cen tra te /4 5 .4  kg FCM.
B. S t a t i s t i c a l  analyses
Data were subjected  to  fo u r  m u ltip le  reg ress io n  analy ses. FCM 
y ie ld  and income over feed c o s t were the  dependent v a ria b le s  in  l in e a r
and c u rv i l in e a r  re g re ss io n s . Derived pastu re  ENE In take  values were 
no t used in  the  re g re ss io n s . L east squares analyses of d a ta  were used 
according  to  O stle  (84 ). The m athem atical model f o r  the  fo u r  m u ltip le  
reg re ss io n  analy ses was a s  fo llow st
( I I I )  Y = a  + b ^  + U,X2 + . . .  + b X + e.
Where i
Y -  Dependent v a r ia b le , e i th e r  PCM (kg/cow/day), 
o r Income over feed  c o s t ($/cow/day) 
a  -  Y In te rc e p t  ( th e  value o f Y where a l l  X*s» 0)
-  1 th  independent v a ria b le  
b^ ■ P a r t ia l  reg re ss io n  c o e f f ic ie n t  
e ™ R esidual o r  random e r ro r
1. With FCM as  th e  dependent v a r ia b le , l in e a r  reg ress io n  ( i l l  A) 
used the  fo llow ing  independent v a r ia b le s t
X  ^ » C oncentrate ENE in ta k e , Mcal/cow/day 
Xg *» S ilage  ENE in ta k e , Mcal/cow/day 
Xj *» Hay ENE in ta k e , Mcal/cow/day 
X^ » Percen t days in  milk
X,. * Rate of fo rage  feed ing  (RFF), kg /45 .4 kg livew eigh t, 
o f "good hay equ iva len t"
X^ « Herd s iz e
C u rv ilin ea r reg re ss io n  ( I I I  B) used the  same independent v a r i ­
a b le s  a s  in  ( i l l  A) Includ ing  th e i r  quad ra tic  and cubic e f f e c ts ,  
making a t o t a l  o f 18 independent v a ria b le s . Stepwise reg ress io n  proce­
dure fo r  s e le c tin g  th e  b e s t - f i t t i n g  equation was used according to  
Draper and Smith (26).
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2. With income over feed  c o s t  a s the  dependent v a r ia b le , 
l in e a r  reg ress io n  ( i l l  C) used the  fo llow ing  independent v a ria b le s i 
» Milk y ie ld , kg FCM/cow/day 
X,, » Percent days in  milk 
X  ^ -  Cost of feed /4 5 .4  kg FCM, $
X  ^ = Cost of co n cen tra te /4 5 .4  kg FCM, $
X  ^ Herd s iz e
X  ^ = Feed ENE in ta k e , Mcal/cow/day from concen tra te , 
s i la g e , and hay
C u rv ilin ea r reg ress io n  ( I I I  D) used the same independent v a r i ­
a b le s  as in  ( i l l  C) inc lud ing  th e i r  q uad ra tic  and cubic e f f e c ts ,  making 
a  t o t a l  of 18 indpendent v a r ia b le s . Stepwise reg ress io n  procedure f o r  
s e le c tin g  the  b e s t - f i t t i n g  equation was used according to  Draper and 
Smith (26).
Stepwise reg ress io n  procedure I s  described  b r ie f ly  as a  procedure 
th a t  reexamines a t  every s tag e  of th e  reg ress io n  the  v a ria b le s  incorpo­
ra te d  in to  the  model in  previous s ta g e s . A v a ria b le  which may have been 
th e  b e s t s in g le  v a riab le  to  e n te r  a t  an e a r ly  s ta g e , may, a t  a  l a t e r  
s ta g e , be superfluous because of the  re la tio n sh ip s  between i t  and o th e r  
v a r ia b le s  now in  the  reg re ss io n . To check on t h i s ,  the p a r t ia l  F c r i t e ­
r io n  f o r  each v a ria b le  a t  any stage  of the  c a lc u la tio n  i s  evaluated  and 
compared w ith the  p rese lec ted  percentage po in t of the app rop ria te  F 
d is t r ib u t io n .  Any v a ria b le  which provides a  n o n -s ig n if ic an t co n trib u ­
t io n  i s  removed from the model. The process i s  continued u n t i l  no more 
v a ria b le s  w il l  be adm itted to  the equation and no more a re  re je c te d  (26). 
The procedure s e le c ts  only the  b e s t - f i t t i n g  model fo r  the sample d a ta  
and does not guarantee a tru e  re la tio n sh ip .
V. RESULTS AND DISCUSSION
A. Sources of Estimated Net Energy
Estimated net energy (ENE) for maintenance and milk production, 
as computed from 2,893 Louisiana Dairy Herd Improvement Association 
(DHIA) herd month observations, are shown in Table 4 and graphically 
presented in Figure 6. The source of data represents 162 herds; made up 
of 93 Holstein, 33 mixed breed, 20 Jersey, 12 Guernsey and 4 Ayrshire 
herds. The study covers the period from January, 1971 through December, 
1972.
The ENE In take  per cow per day from co n cen tra te , s i la g e  (o r  
succu len t fe e d s ) , and hay (o r  dry fo rage) were obtained from th e  DHIA 
herd observations (EDPM card no. 7)* Combined ENE in ta k e  from concen­
t r a t e ,  s i la g e , and hay averaged 29.16 Neal pe r cow p e r day f o r  a l l  the 
2,893 herd month observations. P astu re  ENE In take  was c a lcu la te d  in d i­
r e c t ly  from the r a te  of forage feed ing  (RFF) and averaged 11.20 Meal per 
cow per day fo r  the e n tire  two-year period .
Concentrate as a source of estimated net energy (ENE) was least 
v a ria b le  of the feed sources. On a monthly basis, average concentrate 
Meal ENE Intake ranged from 20.37 to 24.15 Weal per cow per day. Con­
c e n tra te  ENE intake had a 33$ coefficient of variation (C.V.) as compared . 
to  210 and 153$ C.V. for silage and hay ENE intake, respectively. The 
ENE intake from silage ranged from 1.62 to 5*76 Meal per cow per day; 
hay ENE Intake ranged from 1.26 to 5*44 Meal per cow per day.
Lower s i la g e  feed ing  le v e ls  were in  the  months of A pril through 
September and con tribu ted  1.62 to  4 .03 Meal ENE per cow per day. Higher
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TABUS **
Average FCM production and sources o f ENE from co n cen tra te , s i la g e , 
and hay p e r cow p e r day, by month f o r  2,893 observations*
Month
ENE/cow/day 
FCM/cow/day le s s  p astu re
ENE/cow/day from 
C oncentrate S ilage Hay RFF
(kg) -----------------—--------------- Meal ------------------- ----------------- kg/**5.1* kg LV
January 13.35 31*.06 23.02 5.59 5.1*1* 1.01
February 13.51 35.10 21*. 15 5.55 5.39 0.91
March' 13.90 3^.15 21*. 15 5.16 1*. 83 0.96
A pril 11*. 0? 29.69 23.1*6 3.1*8 2 . 71* 0.85
May 13.65 2?.29 22.29 2.93 2.06 0.69
June 12.69 26.63 21.73 2.71 2.17 0.61*
Ju ly 11.69 21*. 14 20.38 2.09 1.66 0.70
August 11.1*5 23.26 20.37 1.62 1.26 0.68
September 11.1*1 25.16 20.76 2.82 1.57 0.64
October 11.66 27.96 21.36 4.03 2.56 0.68
November 11.90 31M 21.81 5.02 i*.60 0.80
December 12.55 31*. 01 22.82 5.76 5.1*3 0.92
Mean (X) 12.62 29. 16* 22.11 3.83 3.22 0.79
S.D. 3.03 11.86 7.31 8.06 l*.9i* 0.39
Range 11.1*1 23.26 20.37 1.62 1.26 0.61*
to to to to to to
11*. 07 35.10 21*. 15 5.76 5.1A 1.01
C.V. ,% 21*,01 1*0.67 33.51 201.39 153.52 50.67
aMonthly averages f o r  the  period  January , 1971 through December, 1972.
*Total ENE *+0.36 •  29.16 + 11.20 Heal ENE p astu re  computed from RFF, page *+2.
le v e ls  fro *  the  months o f October through March co n trib u ted  from 5*02 to  
5 .76 Meal ENE. Matheme (62) noted a  s im ila r  lower s ila g e  feed ing  
during  the  months of A p ril through September in  Louisiana in  DHIA herds 
from I 962 through 1964-. The months o f October through March a re  u su a lly  
months of lower pastu re  a v a i la b i l i ty  in  Louisiana.
Hay o r d ry  fo rage  ENE in take  followed a s im ila r  monthly feed ing  
le v e l  p a tte rn  a s  th a t  o f s i la g e . Lower le v e ls  were fed  from A pril 
through October, co n tr ib u tin g  from 1.26 to  2 .74 Meal ENE p e r cow per 
day, and a t  h igher le v e ls  o f 2.56 to  5*44 from November through March. 
S im ila r to  s i la g e , hay i s  u sua lly  fed  a t  h igher le v e ls  during  the  low 
p astu re  months.
B. T otal energy in take  with pastu re  ENE in take
In Table 5* monthly to ta l  energy in take  were computed a f t e r  
accounting f o r  t o t a l  fo rage  ENE in take  includ ing  pastu re  from th e  Hra te  
o f fo rage  feeding" (RFF). The DHIA Processing Center computes th e  RFF 
fo r  each herd from a l l  fo rage  sources as reported  by the  DHIA su p e rv iso r. 
I t  I s  the amount of "good hay equ ivalen t"  consumed p e r 45 .4  kg l iv e ­
w eight, expressed in  pounds in  the  DHIA re p o rts . I t  i s  a ls o  given an 
ENE value o f 43 Meal p e r 4-5.4 kg (0.948 Mcal/kg). In  th e  absence of 
the  monthly average livew eight o f the  anim als from th e  d a ta , the  two- 
year average livew eight was assumed to  be constan t from month to  month. 
Thus t o t a l  roughage ENE in take  was computed as w ell a s  t o t a l  ENE in ta k e . 
And knowing s ila g e  and hay ENE in ta k e , i t  was a lso  p o ss ib le  to  compute 
pastu re  ENE in ta k e . Such computed monthly pasture  ENE in tak e  was not 
used in  th e  m ultip le  reg ression  analyses in  th is  study. Computations 
f o r  forage ENE in take  were done by formula presented on page 42.
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TABLE 5
Avexage ENE in ta k e  from a l l  feeds assuming a  co n stan t monthly 
livew eight of an im als, by month f o r  2,893 obeervationBa
Months
ENE/cow/day 
from 
concen tra te  RFF
ENE/cow/day
from
A ll rouffhaees" Pasture
T o ta l ENE 
in take/cow / 
day
Meal kg/45.** 
kg LW
Meal - ——
January 23.02 1.01 23.21 12.77 46.23
February 21*. 15 0.91 20.91 9.96 45.06
March 24.15 0.96 22,06 12.06 46.21
A pril 23.46 0.85 19.54 13.31 43.00
May 22.29 0.69 15.86 10.86 38.15
June 21.73 0.64 14.71 9.81 ■ 36.44
Ju ly 20.38 0.70 16.09 12.33 36.47
August 20.37 0.68 15.63 12.74 36.00
September 20.76 0.64 14.71 10.31 45.47
October 21.36 0.68 15.63 9.03 36.99
November 21.81 0.80 18.39 8.76 40.20
December 22.82 0.92 21.14 9.95 43.96
Mean (X) 22.11 0.79 18.24 11.20 40.35
^Monthly averages f o r  the  period  January , 1971 through December, 1972.
^ENE In take  from a l l  roughages were computed from RFF, by form ula in  
page 42.
The to ta l  ENE In take  per cow per day was used In  comparing 
r e s u l ts  o f the  p resen t and previous s tu d ie s  o f DHIA In  L ouisiana. For 
the  tw o-year period , average t o t a l  roughage ENE In take  was c a lcu la te d  
a s  18.24 Heal pe r cow per day, o f which 11.20 Moal was from p astu re . 
Adding th i s  18.24 Heal from a l l  roughages to  the  22.11 Meal from concen­
t r a t e  amounts to  40.36 Heal o f t o t a l  ENE in tak e  per cow per day.
F igure 6 g rap h ic a lly  shows the  a sso c ia tio n  between FCM produc­
t io n  and ENE In take  from co n cen tra te , B llage, and hay. Without pastu re  
ENE in ta k e , FCM production and feed  energy a re  shown to  be c lo se ly  asso ­
c ia te d  w ith each o th e r . The shaded a rea  In F igure 6 In d ic a te s  the  Heal 
feed  enrgy co n trib u ted  by s ila g e  and hay added to  th a t  of co n cen tra te . 
Lower s i la g e  and hay feed ing  le v e ls  in  the  months of A pril through 
September, a s  shown in  Table 4 , a re  more c le a r ly  shown in  the  graph. In  
the  sp rin g , pastu re  becomes more a v a ila b le  and compensates f o r  the 
reduced s ila g e  and hay feed ing  le v e ls .
Although feed  energy in ta k e  o r  concen tra te  ENE by i t s e l f  had a  
h igh ly  s ig n if ic a n t  (P<  .01) p o s itiv e  e f f e c t  on FCM y ie ld , i t  I s  no t the  
only f a c to r  involved. Genetic p o te n tia l  and age of the  anim als a s  w ell 
a s  season of the y ear have to  be recognized. Age of H olste in  and Je rsey  
cows were shown by Branton and Evans (6 ) to  s ig n if ic a n t ly  ( P < .01) 
a f f e c t  300-day milk y ie ld . They a ls o  found th a t  season of the year 
(A pril to  September vs, October to  March) a ffe c te d  (P< .01) peak milk 
y ie ld  and p e rs is ten cy  bu t not the  leng th  of la c ta t io n . In  1972, Romero 
(86) found th a t  la c ta t io n  milk y ie ld  (2X-305-day-ME) fo r  H o lste in  cows 
ca lv in g  during  the  ho t seasons of the  year was lower by 200 kg to  
300 kg o r  8# (P<  .01) over th a t  f o r  cows calv ing  during the  cool and 
mild seasons of th e  year. His d a ta  were obtained from a  t o ta l  of 3,246
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Pig. 6. Association between FCM y ie ld  and ENE in take.
lactation records of 1,388 Holstein cows in Louisiana.
Figure 7 p resen ts  the  monthly to ta l  ENE in tak e  a f t e r  includ ing  
th e  c a lc u la te d  t o t a l  roughage ENE In take as estim ated  from BFF. A con­
stant average livew eight o f anim als from month to  month was assumed in  
the  com putations, r e s u l ts  o f which a re  shown in  Table 5* The to ta l  ENE 
in ta k e  curve c lo se ly  fo llow s the  monthly FCM curve. January and March 
ex h ib ited  the  h ig h est t o t a l  ENE consumption, s l ig h t ly  dipping in  Feb­
ru ary . Peak production was reached in  A p ril. S ta r tin g  in  A p ril, t o ta l  
ENE consumption dipped ab ru p tly  u n t i l  June and declined  more g radually  
u n t i l  September. The to ta l  ENE in tak e  curve recovered in  October and 
went up through January.
C. Changes between past and present Louisiana DHIA studies
Comparisons between the present study and Louisiana studies con­
ducted in 1961 through 1965 (36, 62, 90) are presented in Table 6.
R esu lts from these  th ree  s tu d ie s  were averaged, and most comparisons 
were based on these  averages since  the  previous s tu d ie s  overlap each 
o th e r  w ith in  the  f iv e -y e a r  period from 1961 through 1965.
The p resen t study shows th a t  animal l iv e  w eight, hard s iz e ,  pro­
duction  of FCM/cow/day, and le v e l of concentra te  fed  increased . The 
in c re a s in g  herd s iz e  of the  average DHIA herd i s  most apparent? I t  
in creased  from le s s  than 70' Cows in  the  previous s tu d ie s  to  9^ cows in  
the  p resen t study. This p a ra l le ls  the trend  towards la rg e r  herd s iz e  
in  the  average U.S. d a iry  herd.
The average daily FCM production per cow in the present study 
increased by 1.55 kg* The FCM yield was 11.07 kg in the previous studies
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F ig . 7. A ssociation  between FCM y ie ld  and t o t a l  ENE 
in ta k e , assuming a  constan t monthly animal livew eigh t.
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and 12.62 kg FCM In  the  p resen t study . The d iffe ren ce  In d ica te s  a 566 
kg FCM Increase  per cow p e r 365-day la c ta t io n .  The p resen t average pro­
duction  o f 12.62 kg FCM per cow p e r day. on the  o th e r hand. I s  equ ivalen t
to  4,606 kg FCM per cow per 365-day la c ta t io n . In  term s of a c tu a l milk
produced, the  p resen t average was 13.31 kg milk per cow per day, te s t in g
an average of 3*73# f a t .  This i s  in  tu rn  equ iva len t to  4,858 kg milk 
per 365-day la c ta t io n  and compares w ith the average I 972 milk production 
of 4,885 kg reported  by the  Louisiana Dairy Herd Improvement Records 
Committee ( 87) .
Level of concen tra te  fed  increased  from an average of 51*9# f o r  
the  previous s tu d ie s  to  54.8# of th e  t o t a l  ENE in  th e  ra tio n  in  the  
p resen t study re s u l t in g  in  a s l ig h t  increase  o f 2 .9# concentra te  ENE fed  
to  th e  average DHIA cow in  th e  p resen t study .
D. Energy requirem ents f o r  maintenance and production
1. Comparison w ith M orrison 's standards and DHIA's EDPM system
As shown In  Table 6, the  average ENE in tak e  f o r  the average DHIA 
cow in  th e  previous and p resen t s tu d ie s  s u f f ic ie n t ly  meets requirem ents 
f o r  maintenance and production. The 33*97 Meal combined average a c tu a l  
ENE in tak e  obtained In  the  previous s tu d ie s  from I 96I through 1965 exceeds 
th e  23.22 and 23.06 Meal ENE req u ired  in  the  M orrison's standards and 
DHIA's E lec tro n ic  Data Processing Machines records program (EDPM). The 
average cow in  the presen t study consumed 40.36 Meal exceeding th e  25.46 
Meal from M orrison 's standards and the  26.88 Meal EDPM requirem ent. The 
M orrison'8  requirem ent fo r  the  p resen t study was estim ated fo r  a  499 kg 
cow, producing 13.31 kg milk and te s t in g  3.73# f a t .
TAfcLE 6
Comparison o f d a lly  energy In tak e  and requirem ents o f th e  average Louisiana DHIA cow
______ Average  Energy req u l rem ent/c ow/day
DHIA years  Cow Herd FCM/cow/ ENB intake/cow /day M orrison 's DHIAs 1971 NBC0
stu d ied  LV s iz e  day T o ta l C oncentrate only standard8, EDPM  ^ Maint. Prodn. T o ta l
(kg) (kg) (Meal) (Meal) {% T o ta l) --------------— — - --------- ——
Sept 61-Feb 64 
(36)* 456 64 10.23 33.35 17.74 52.6 21.36 22.07 8.3 7.74 -
Jan 62-Mar 64
(62)* 476 - 12.49 37.80 19.40 51.21 26.01 25.10 9 .0 9 .74
Jan  62-Dec 65
(90)* 462 69 10.29 30.75 16.00 52.00 22.29 22.01 8.3 7.76 -
Mean, Sept 61-
Dec 65 **65 66.5 11.07 33.97 . 17.65 51.90 23.22 J 23.06
(28 .02 )d (19 .32)d (19.19) 8.53 8.41 16.94
Jan 71-Dec 72 **99 94 12.62 40.36 ^ 22.11 54.78 25.**6 _ 26.88 ,
(33.19) (2 1 .l4 )d (22.28) 9.00 9 .84 18.84
aFrom M orrison 's Feeds and Feeding (7 6 ).
^C alcu lated  by use o f form ula developed by Jones (4 7 ), page 29.
“V aises expressed a s  C0W8 (7 3 ) .
^F igures In  p a ren th es is  in d ic a te  eq u iv a len t ^ l a c t a t i n g  cows o r  ^ m ilk *  ^  U8e forKu^a * 
H E ^ik  -  0.809 SHE + 0 .54 (7 3 ).
♦ L ite ra tu re  c i ta t io n s .
For p ra c t ic a l  feed ing  s i tu a t io n s ,  the  M orrison 's standards pro­
vide f o r  a d d itio n a l requirem ents f o r  both the  l a s t  two to  th ree  months 
o f pregnancy and f o r  growth of f i r s t  and second-year la c ta t io n  h e ife r s .  
Thus a  454 kg pregnant cow would need 5 Meal in  ad d itio n  to  maintenance 
and production while a  f i r s t  la c ta t io n  h e if e r  would req u ire  an a d d itio n ­
a l  1 .5  Meal f o r  growth.
2. Comparisons w ith th e  1971 NRC requirem ents
The M orrison 's and EDPM requirem ents f o r  ENE were compared to  the
a c tu a l ENE in tak e  f o r  the  average cow in  these  s tu d ie s  in  terms of 
N E j^ctating cows va*ues ln  'fche *971 NRC requirem ents. This was done by 
converting  the  ENE values to  ^ ^ c t a t i n g  cows ^  r e la ^io n sh iP e s tab ­
lish e d  by Moe e t  a l. (7 3 ). The M orrison 's and EDPM requirem ents would
now become 21.14 and 22.28 Meal NE, , compared to  33*19 Mealla c ta t ln g  cows
a c tu a l In tak e  o f the  average cow. A fte r converting  the  ENE values o f a l l  
s tu d ies  in to  NEja c ^a ^ ng C0WQ in  th e  1971 NRC requirem ents, the  re q u ire ­
ments a re  about 60£ of th e  amounts o f a c tu a l  energy in ta k e . The average 
cow in  th e  p resen t study consumed a  t o t a l  of 33.19 Meal while the  NRC 
requirem ent i s  only 18.84 Meal N E ^ ^ . ^  cows* In  P3^ ^ 0118
s tu d ie s , t o ta l  in tak e  was 28.02 Meal vs. a  NRC requirem ent of 16.94 Meal 
NEla c ta t ln g  cow6*
The 1971 NRC requirem ents a re  lower than the  1966 requirem ents 
because on some fe e d s , much of the increased  lo s s  of energy in  feces  a t  
high le v e ls  of in tak e  i s  compensated f o r  by decreased lo sse s  o f energy 
in  the  methane and u rin e  ( 72) .
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E. Feed energy and o th e r  v a ria b le s  a s  re la te d  to  FCM y ie ld
The re la tio n s h ip  between milk production and energy In take  from 
a l l  feed  sources except p astu re  was examined by m ultip le  reg ress io n  
an a ly ses . In  a d d itio n  to  feed  energy, o th e r fa c to rs  were Included a s  
Independent v a ria b le s  In  the  reg re ss io n  analy ses. These v a ria b le s , as  
p resen ted  on page have been shown in  o th er DHIA s tu d ie s  to  be sub­
s t a n t i a l l y  r e la te d  to  milk production (11, 69)• Thus, the r e la t iv e  
importance o f feed  energy from various sources was evaluated  to g e th e r  
w ith  o th e r  v a r ia b le s  a s  they a l l  a f f e c t  milk y ie ld .
1. L inear e f f e c ts  on FCM y ie ld
The l in e a r  reg ress io n  of fa t-c o rre c te d  milk (FCM) y ie ld  on ENE 
from co n cen tra te , s i la g e , and hay, and th ree  o th e r independent v a ria b le s  
i s  shown in  Table 7. The p a r t i a l  reg ress ion  c o e f f ic ie n t  (b ) ,  standard  
e r r o r  (S ^ ), and t e s t  of s ig n if ic a n c e  (F) f o r  each independent v a ria b le  
a re  p resen ted  in  Table 7. The l in e a r  reg ress io n  equation ( i l l  A) 
obtained  from th e  d a ta  wasi
( I I I  A) Y -  -1.7323 + 0 .3 6 2 ^  + O.OI2IX2 + 0.0112X3 + 0.1246X]f
+ 0.1625X5 -  0.0026X6 .
V ith i « 0.407^1 Where 1 a l l  v a ria b le s  were on a  herd
month b a s is , averaged by herd yeari 
Y ■ FCM, kg/cow/day
-  Concentrate ENE, Mcal/cow/day 
Xg ■ S ilag e  ENE, Mcal/cow/day 
X  ^ « Hay ENE, Mcal/cow/day 
X^ -  Percent days In milk
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TABLE 7
Regression c o e f f ic ie n ts ,  standard  e r ro r s ,  and F valuest 
l in e a r  reg ress io n  of FCM on s ix  v a riab les*
V ariable b V p
(Concentrate ENE) 0.3625 0.0403 80.8**
X2 (S ilag e  ENE) 0.0121 0.0238 N.S.
X3 (Hay ENE) 0.0112 0.0214 N.S.
X^ (P ercen t days in  m ilk) 0.1246 0.0160 60.4**
X^ (Rate of fo rage  feed ing) 0.1625 0.1016 N.S.
Xg (Herd s iz e ) -0.0026 0.0019 N.S.
n ™ 324 
bo » -1.7323 
R2 -  0.407**
C.V. -  15. 29*
aUsing herd month observations, averaged by herd year 
♦ ^S ig n ifican t a t  P < .0 1  
N.S. -  Not s ig n if ic a n t
-  Rate o f forage feeding  (RFF), kg /45 .4 kg livew eigh t/day  
o f "good hay equ ivalen t"
Xg ■ Hezd s iz e
The s ix  v a ria b le s  accounted f o r  40.74^ o f the  v a r ia tio n  in  FCM 
production  a s  in d ica ted  by the c o e f f ic ie n t  o f de term ination  (R^). How­
ev er, o f th e  s ix  v a ria b le s , only concen tra te  ENE in ta k e  (X^) and percen t 
days in  ad lk  (X^) were s ig n if ic a n t  (P < *01) in  in flu en c in g  v a r ia tio n  in  
FCM production . The o th er feed  energy sou rces , s i la g e  and hay (Xg and 
Xj) were no t s ig n if ic a n t ;  n e ith e r  were r a te  o f fo rage  feed ing  (X^) and 
hezd s iz e  (Xg).
2, C u rv ilinear e f fe c ts  on FCM y ie ld
A " b e s t - f i t t in g "  equation f o r  FCM production  was ob tained  by 
stepw ise reg re ss io n  on the s ix  independent v a ria b le s  used in  th e  l in e a r  
reg re ss io n  ( i l l  A) includ ing  t h e i r  qu ad ra tic  and cubic e f f e c ts .  Values 
f o r  p a r t i a l  reg ress io n  c o e ff ic ie n ts  (b ) , s tandard  e r ro rs  (3 ^ ) , and F 
values o f th e  f i n a l  equation a re  presen ted  in  Table 8 . The p a r t i a l  
reg re ss io n  c o e f f ic ie n ts ,  standard e r ro rs  and F values o f a l l  18 v a r i ­
a b le s  a re  p resen ted  in  Appendix Table 8.
The stepw ise reg ress ion  was done to  f in d  th e  b e s t f i t t i n g  equa­
t io n  f o r  FCM y ie ld  and to  f in d  out which o f th e  c u rv i l in e a r  e f f e c ts  o f 
th e  v a ria b le s  were s ig n if ic a n t  in  in flu en c in g  FCM y ie ld .  F in a l v a ria b le s  
in  th e  b e s t - f i t t i n g  equation were included a t  le v e l o f s ig n if ic a n c e .
S ilag e  and hay ENE in tak e  were no t s ig n i f ic a n t  and thus were 
excluded from th e  f in a l  equation. Concentrate ENE in ta k e  was l in e a r  
in  i t s  e f f e c t  on FCM y ie ld ; i t s  qu ad ra tic  and cubic e f f e c ts  were not 
s ig n i f ic a n t ,  th e re fo re  increasing  le v e ls  o f concen tra te  ENE should lead
TABLE 8
Regression c o e f f ic ie n ts , standard  e r ro r s ,  and F va luest 
f in a l  stepw ise reg re ss io n  of FCM on s ix  v a ria b le s  includ ing  qu ad ra tic
and cubic e f fe c ts 8.
V ariable b Sb F
X^  (Concentrate ENE)
O
X^ (P ercen t days in  m ilk) 
X^ (Rate o f forage feed ing)
0.3845
0.000007
0.1809
0.0397
<0.0001
0.0709
93.2** 
70.?** 
6.5*
n = 321*
b -  1*.1283 o
R2 « 0.1*177 
C.V. = 15. 09#
aUsing herd month observations, averaged by herd year
* S ig n if le an t a t  P < .0 5
* * S ig n iflean t a t  P < ,0 1
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to  in creased  PGM production . I t  should he acknowledged th a t  the  l in e a r  
e f f e c t  holds only f o r  th e  U n i t s  o f concen tra te  ENE In tak e  s tu d ied . At 
h igher le v e ls  o f ENE in ta k e , a  c u rv iU n e a r tren d  i s  U k e ly  (62 ).
Stepw ise reg ress io n  a n a ly s is  i s  a  commonly-used method of s e le c t­
in g  the  " b e s t - f i t t in g "  reg ress io n  equation . By reexamining the  v a r i ­
ab les in co rp o ra ted  a t  every stage o f the  reg re ss io n , the  procedure a lso  
examines re la t io n s h ip s  between th e  v a ria b le s  a s id e  from t h e i r  r e la t io n ­
sh ip  w ith th e  dependent v a ria b le . However, a  " b e s t - f i t t in g "  equation so 
obtained does n o t guarantee r e a l - l i f e  re la tio n s h ip s . I t  i s  only "b e s t-  
f i t "  f o r  th e  given s e t  of data} and in  th i s  s tu d y , th e  s ix  v a ria b le s  and
t h e i r  q u ad ra tic  and cubic e f f e c ts .  In  t h i s  s tudy , th e  s ig n if ic a n c e  le v e l
f o r  In c lu s io n  o f a  v a ria b le  was s e t  a t
The equation  ( m  B) f o r  p red ic ted  PGM production per cow per day 
obtained by stepw ise reg ress ion  was a s  follow s *
( I I I  B) Y -  4.1283 + 0.3845X1 + O.OOOOOTX^  + 0.1809X5 
2
W ithi R * 41.77^1 Where« a l l  v a ria b le s  were on a  herd month
b a s is  and averaged by herd year*
Y “  FCM/cow/day
» Concentrate ENE, Mcal/cow/day 
XjJ « Cubic e f f e c t  o f percen t days in  milk 
X^ -  Rate o f forage feeding  (HFF), kg/45.4  kg llvew elgh t/day  
of "good hay equ ivalen t"
C oncentrate ENE in tak e  (X^) and cubic e f f e c t  of percen t days in  
m ilk ( 4  ) were h igh ly  s ig n if ic a n t  (P < r.0 l)  and RFF (X^) was s ig n if ic a n t  
(P < .0 5 ) .  F if te e n  of the o r ig in a l 18 v a riab le s  were e lim ina ted  in  the  
process of s e le c tin g  the  b e s t - f i t t i n g  equation . The f in a l  equation
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accounted f o r  *+1.77$ o f the  v a r ia tio n  in  the FCM y ie ld  a s  in d ic a te d  by 
the  c o e f f ic ie n t  o f determ ination (R ) .  This i s  a  s l i g h t  improvement over 
th e  40.74# in  the  l in e a r  equation ( I I I  A) w ith a l l  s ix  v a r ia b le s  and 
probably in d ic a te s  l i t t l e  advantage f o r  using the stepw ise procedure in  
t h i s  s i tu a t io n .
3. Changes in  FCM y ie ld  w ith changes in  co n cen tra te  ENE In take
From th e  b e s t - f i t t i n g  equation ( I I I  B), changes in  FCM production 
w ith changes in  concen tra te  ENE in ta k e , holding cubic e f f e c t  Of percen t 
days in  milk and RFF c o n s tan t, becomes t 
( I I I  B .l)  Y -  Y + b1(X1 -  Xa )
Vherei
. Y ■ Computed value of FCM 
Y * Mean FCM/cow/day (12.62 kg)
X  ^ * Level of ENE from co n cen tra te , Meal 
X^  « Mean ENE from concen tra te , Mcal/cow/day (22.11 Meal) 
b^ * P a r t ia l  reg ress io n  c o e f f ic ie n t  of FCM on co ncen tra te  ENE 
in tak e  (0.3845)
The average ENE In take  from concentrate  amounted to  22.11 Meal 
p e r cow p e r day. Thus, using the h ig h es t monthly co n cen tra te  ENE in tak e  
o f 24-. 15 Meal in  February and March (Table 4) and keeping th e  cubic 
e f f e c t  o f percen t days in  milk and RFF co n stan t, FCM y ie ld  i s  estim ated  
to  in c rease  by 0.78 kg from 12.62 to  13.40 kg per cow p e r day. The in ­
c rease  of 2 .04  Meal ENE from concentra te  from 22.11 to  24.15 Meal i s  
eq u iv a len t to  1.32 kg of concen tra te  a d d itio n a l consumption p e r cow p e r  
day. This i s  based on 1.54 Mcal/kg o r 70 Mcal/100 lb  ENE in  concen tra te  
a s  i s  commonly valued in  DHIA records;
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4. L inear v s . c u rv i l in e a r  e f f e c ts  on FCM y ie ld
There was a  l in e a r  e f f e c t  o f concen tra te  ENE in tak e  on FCM y ie ld  
in  both l in e a r  ( i l l  A) and b e s t - f i t t i n g  c u rv i l in e a r  ( i l l  B) equations.
The p a r t i a l  reg re ss io n  c o e f f ic ie n t  o f concen tra te  ENE in tak e  on FCM y ie ld  
in d ic a te s  th a t  every Meal in c rease  in  concen tra te  ENE re su lte d  in  0.3845 
kg FCM in  th e  b e s t - f i t t i n g  c u rv i l in e a r  ( I I I  B) and 0.3625 kg FCM in  th e  
l in e a r  ( i l l  A) equations , assuming the  o th e r  v a ria b le s  a re  constan t.
The 0.3845 kg FCM Increase  p e r added Meal ENE i s  equ iva len t to
0.59 kg FCM per kilogram  added concen tra te  (0.3845 x 1.54 M cal/kg). I t  
i s  comparable to  the  0.61 kg FCM p e r added Meal ENE from concen tra te  in  
the  study by Matheme (6 2 ). These Louisiana f ig u re s  a re  a ls o  much below 
those rep o rted  from o th e r  s t a te s .  Although they used a c tu a l  milk pro­
duction  in s te a d  of FCM. o th e r  workers have rep o rted  h igher values.
Brown and White ( l l )  rep o rted  a 0 .74  kg milk in crease  per kilogram in ­
c rease  in  co n o en tra te t Stone e t  a l .  ( 96) a  0.84 kg in c re a s e 1 and M ille r
and Dickinson (68) a 1.05 kg in o rea se . Thus the apparen tly  lower e f f i ­
ciency in  u t i l i s a t i o n  o f feed  energy by Louisiana cows noted by Matheme
(62) s t i l l  holds tru e  in  t h i s  study .
In  F igure 8. th e  l in e a r  and c u rv i l in e a r  e f fe c ts  o f percen t days 
in  m ilk on FCM y ie ld  a re  p resen ted , holding the  o th e r  v a ria b le s  c o n s tan t. 
Percent days in  milk averaged 83.01 w ith a  monthly range from 77*42 to  
88.23. In  the  s ix -v a r ia b le  l in e a r  equation ( i l l  A), i t s  p a r t ia l  reg re s­
sion  c o e f f ic ie n t  in d ic a te s  th a t  f o r  every u n i t  increase  in  percent days 
in  m ilk. FCM y ie ld  was Increased  by 0.1246 kg ( P < .0 l ) .  In  the  b e s t-  
f i t t i n g  c u rv i l in e a r  equation  ( i l l  B). the  cubic e f f e c t  o f percent days 
in  m ilk was h igh ly  s ig n if ic a n t  ( P < ,0 1 ) .
FCM YIELD 
(kg/cow/day)
13.50
13.00
B e s t - f i t t in g  c u rv i l in e a r  node!
12.50
L inear aodel
12.00
IERCENT DAYS IN MILK
P ig , 8. P a r t ia l  reg re ss io n  o f FCM on percen t days in  m ilk.
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Holding the  o th e r v a ria b le s  co n stan t in  both equations, p o in ts  
were p lo tte d  using th e  corresponding p a r t i a l  reg ress io n  c o e f f ic ie n ts  and 
a t  d i f f e r e n t  le v e ls  o f percen t days in  B ilk . I t  i s  noted th a t  up to  the  
le v e l  o f 86 percen t days in  m ilk, both l in e a r  and cubic e f f e c ts  a re  
alm ost p a ra l le l .  Prom th is  p o in t, the  cubic e f f e c t  curve d e v ia te s  fro® 
th e  l in e a r  tren d  a s  FCM y ie ld  increased  a t  an in c reas in g  r a t e .  At 86 
percen t days in  m ilk, FCM y ie ld  was estim ated  as 12.99 kg v s . 13.06 kg 
by the  l in e a r  and cubic equations, re sp e c tiv e ly . In  c o n tra s t ,  a t  89 
percen t days in  m ilk, FCM was estim ated  as 13.30 kg and 13*55 kg in  th e  
l in e a r  and cubic equations, re sp e c tiv e ly .
F. R ela tionsh ip  of feed  energy and o th e r v a ria b le s  to  income 
over feed  co s t
M ultiple reg ress io n  analyses were a ls o  u t i l i z e d  to  examine the 
r e la tio n s h ip  between income over feed c o s t and energy in ta k e  from feed  
sources except p as tu re . O ther v a ria b le s  Included in  th e  reg re ss io n s  
were FCM y ie ld , percen t days in  m ilk, c o s t o f feed , c o s t  of co n cen tra te , 
and herd s iz e . This was done to  make comparisons w ith r e s u l ts  dealing  
w ith income over feed c o s t in  the DHIA.
In  the  reg ress io n s of FCM on feed  energy in tak e  and o th e r  
v a ria b le s  ( i l l  A and I I I  B), both s ila g e  and hay ENE In take  were no t 
s ig n if ic a n t  in  accounting fo r  income over feed  c o s t v a rian ce . Sinoe 
pastu re  ENE in ta k e  w sb no t included in  a l l  reg ress io n s of FCM and income 
over feed c o s t ,  a c tu a l t o t a l  ENE In take  was no t accounted f o r .  However, 
th e  ENE in ta k e  from the  a v a ila b le  feed sources were a l l  pooled in to  one 
v a ria b le  in  the reg ression  analyses of income over feed c o s t. These
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feed  sources a re  co n ce n tra te , s i la g e ,  and hay.
Cost o f feed  and c o s t o f co n cen tra te  a re  c lo s e ly - re la te d  v a ria b le s  
as th e  fo ra e r  inc ludes the  l a t t e r .  N evertheless, c o s t of c o n c e n tra te / 
45 .4  kg FCM was added a s  a  sep a ra te  v a ria b le  because i t  i s  most accu ra te  
of th e  feed  c o s t components. I t  i s  u su a lly  known by the  dairyman but he 
can only estim ate  th e  c o s t  of th e  roughages.
1. L inear e f f e c ts  on income over feed  co s t
M ultiple l in e a r  reg re ss io n  was made o f income over feed  c o s t on 
s ix  Independent v a r ia b le s . The p a r t i a l  reg re ss io n  c o e f f ic ie n ts  (b ) , 
standard e r ro rs  (3 ^ ), and F values of these  v a ria b le s  a re  presented in  
Table 9*
The l in e a r  reg re ss io n  equation  ( i l l  c ) obtained  from th e  d a ta  wasi 
( I I I  C) Y -  -0.5198 + 0.0825X1 + 0.0U7X2 -  O.lOOSX-j + 0.00771^
-  O.OOIQX^ -  O.OOOOTXg
o
With 1 R -  0 .66421 Where 1 a l l  v a ria b le s  were on a  herd month
b a s is , averaged by herd y eart 
Y « Income over feed  c o s t ,  $/cow/day 
» FCM, kg/cow/day 
Xg -  Percent days in  milk 
X3 -  Cost o f feed /4 5 .4  kg PCM, $
X^ -  Cost o f c o n cen tra te /4 5 .4  kg FCM, $
« Feed ENE, Mcal/cow/day, from co n cen tra te , s i la g e , and hay 
Xg * Herd s iz e
Only fa t-c o rre c te d  milk (FCM) y ie ld  (X^), percent days in  milk 
(Xg), and oost o f feed /4 5 .4  kg FCM (X^) s ig n if ic a n t ly  ( P < .01) a ffe c te d  
income over feed c o s t in  t h i s  re g re ss io n . Cost o f concen tra te /45 .4  kg
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TABLE 9
L inear reg re ss io n  of income over feed c o s t on s ix  v a r ia b le s i  
reg re ss io n  c o e f f ic ie n ts ,  standard  e r ro rs , and F values8.
V ariable b F
(FCM) 0.0825 0.0069 141*1**
Xg (P ercen t days in  m ilk) 0.0117 0.0018 41.2**
X3 (Cost o f feed /4 5 .4  kg FCM) -0.1008 0.0283 12.6**
Xj, (Cost o f c o n c e n tra te / 
45 .4  kg FCM) 0.0077 0.0299 N.S.
X- (C oncen trate , s i la g e , 
5 and hay ENE) -0.0010 0.0018 N.S.
X^ (Herd s iz e ) - 0.00007 0.0002 N.S.
n -  324
b -  -0.5198 o
R2 « 0.6642 
C.V. -  17.21%
aUsing herd month o bserva tions, averaged by herd y ear
* * S ig n iflean t a t  P < ,0 1  
N.S. -  Not s ig n if ic a n t
FCM (Xjj) and feed  ENE from co n ce n tra te , s i la g e , and hay (X^), and herd, 
s iz e  (Xg) were no t s ig n if ic a n t .  That feed  energy excluding pastu re  (X^) 
was n o t s ig n if ic a n t  in  th e  reg re ss io n  i s  possib ly  due to  th e  c o rre la tio n  
o f ENE In take  w ith c o s t o f feed /4 5 .4  kg FCM (X^). P asture  ENE in take  
was estim ated  to  be 11.20 Meal p e r cow per day o r  27.05#  of th e  average 
d a ily  energy In take  p e r cow. This i s  h igher than the 22.05 to  25.52#  
p astu re  ENE in ta k e  repo rted  in  th e  previous Louisiana MIA s tu d ie s  ( 36, 
62, 90) .
2
The c o e f f ic ie n t  o f determ ination  (R ) in d ic a te s  th a t  the  s ix  
v a r ia b le s  accounted f o r  66.42# o f th e  v a ria tio n  in  income over feed c o s t. 
By using  more v a ria b le s  in c lud ing  milk p r ic e , M ille r  (66) found a  91# R  ^
in  the  reg re ss io n  o f income over feed  c o s t . Independent v a ria b le s  were 
m ilk y ie ld ,  milk p r ic e , concen tra te  in ta k e , and g ra in  p r ic e . Using these  
fo u r  and s ix  more v a r ia b le s , he was a b le  to  account f o r  of the  income 
oyer feed  c o s t  varlanoe. Brown and White (11) found twelve independent 
v a r ia b le s  to  s ig n if ic a n t ly  a f f e c t  income over feed  c o s t .  They a lso  noted 
th a t  f iv e  o f the  twelve v a ria b le s  were more im portan t, namely milk p r ic e , 
m ilk production per cow, concen tra te  feed ing , g ra in  p r ic e , and o th er 
feed  c o s ts  (c o s t o f fo ra g e s) .
2 . C u rv ilin ear e f f e c ts  on Income over feed  c o s t
With income over feed  c o s t a s  the  dependent v a ria b le , a  stepw ise 
reg re ss io n  was made to  s e le c t  a  b e s t - f i t t i n g  equation . Independent 
v a r ia b le s  were th e  s ix  v a ria b le s  used in  the  l in e a r  reg ress io n  ( i l l  C) 
In c lu d in g  t h e i r  quad ra tic  and cubic e f f e c ts ,  making a  t o t a l  o f 18 v a r i ­
a b le s . B a r tla l  reg ression  c o e f f ic ie n ts  (b ) , standard  e r ro rs  (S ^), and 
F values of the se lec ted  v a ria b le s  a re  presented in  Table 10| and of a l l
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TABLE 10
Regression c o e f f ic ie n ts , standard  e r r o r s ,  and F values i 
f i n a l  stepw ise reg ression  of income over feed  c o s t  on s ix  v a ria b le s  
includ ing  q u ad ra tic  and cubic e f f e c ts 8.
V ariable b Sb F
*1 (FCM/cow/day) 0.0002 <0.0001 241**
Xg (P ercen t days in  milk) 0.0540 0.0111 23.3**
X  ^ (Feed c o s t/4 5 .4  kg FCM) -0.0420 0.0979 18.4**
x f (P ercen t days in  m ilk) -0.0003 <0.0001 12. 8**
X3 (Feed c o s t/4 5 .4  kg FCM) 0.0437 0.0141 9.5**
n -  324 
bQ •  - 0.9868 
R2 -  0.6906
C.V. -  16.4956
aUsing herd month observations , averaged by herd year
**S lgn iflean t a t  P <.01
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18 v a ria b le s  In  Appendix Table 9*
From th e  i n i t i a l  e igh teen  v a r ia b le s , th e  f in a l  p red ic tio n  equation 
f o r  Income over feed  c o s t vast
( I I I  D) Y -  -0.9868 + 0.0002x3 + 0.054QX2 -  OAZOJl^ -  0. 0003x |
+ 0.0437X^
V ith i « 0.6906; Where1 a l l  v a ria b le s  were on a  herd month
b a s is , averaged by herd y eart
Y « Income over feed  c o s t ,  $/cow/day
Xj * Cubic e f f e c t ,  FCM yleld/cow /day, kg
Xg * Percen t days in  milk
X3 -  Cost o f feed /4 5 .4  PCM, $
2Xg -  Q uadratic e f f e c t ,  percen t days in  milk
X* <■ Q uadratic e f f e c t ,  c o s t o f feed /45 .4  kg FCM, $
A ll f iv e  v a ria b le s  th a t  were se le c te d  f o r  the  b e s t - f i t t i n g  equa­
t io n  ( i l l  D) a re  h igh ly  s ig n if ic a n t  ( P < .0 l )  in  accounting f o r  income
over feed  c o s t v a rian ce . Comparing th i s  equation w ith the  s ix -v a r ia b le
«
l in e a r  equation ( I I I  C), c o e f f ic ie n t  of determ ination (R^) was improved 
s l ig h t ly  from 66.42 to  69.09# by using  only two of the  s ix  v a ria b le s  in  
the  l in e a r  equation  ( i l l  C) and th ree  c u rv il in e a r  e f f e c ts  o f th e  v a r i­
a b le s . FCM y ie ld  had a h igh ly  s lg ln i f ic a n t  ( P < .0 l )  e f f e c t  in  th e  l in e a r  
equation b u t i t s  cubic e f f e c t  was h igh ly  s ig n if ic a n t  ( P c .O l)  in  th is  
b e s t - f i t t i n g  equation  ( i l l  D). Cost o f feed /45 .4  kg FCM (X^) had a  neg­
a tiv e  e f f e c t  on income over feed  c o s t .
F igure 9 p resen ts  the  p a r t i a l  reg ress ion  on income over feed  c o s t  
on c o s t of feed  per 45*4 kg FCM f o r  both the  s ix -v a ria b le  l in e a r  model 
( i l l  C) and the  b e s t - f i t t i n g  c u rv il in e a r  model ( I I I  D). Above th e  $2.91
INCOME OVER 
FEED COST
( $ )  i
i . ? 5  r
1.25 ..
0 .75 ■
B e s t - f i t t in g  c u rv i l in e a r  model
L inear model
0.25 ..
2.00 2.50
FEED COST/45 .4  kg FCM ($)
3.00 3.50
F ig . 9. P a r t ia l  reg re ss io n  o f income over feed  
c o s t  on c o s t  o f feed /4 5 .4  kg FCM.
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average feed  c o s t/4 5 .4  kg FCM, p red ic ted  Income over feed  c o s t  i s  e s t i ­
mated to  be h igher by means of the  l in e a r  than by th e  b e s t - f i t t i n g  
c u rv il in e a r  equations, re sp e c tiv e ly . On the  o th er extreme, a t  $2.00 
feed  c o s t/4 5 .4  kg FCM, p red ic ted  income over feed c o s t i s  estim ated  to  
be lower by means of the l in e a r  than by the  b e s t - f i t t i n g  c u rv il in e a r  
model ($1.27 v s. $1.35, re s p e c tiv e ly ) .
3. A ssociation  between energy in tak e  and income over feed  coBt
The a sso c ia tio n  between ENE in ta k e  and income over feed  c o s t by 
months i s  shown in  Table 11. Energy in ta k e  from co n cen tra te , s i la g e , 
and hay comprises th e  ENE in tak e  p e r cow p e r day. The r a t i o  o f Income 
over feed  c o s t per Meal ENE in ta k e  was computed to  show re tu rn s  in  c en ts  
per Meal ENE from th e  th ree  a v a ila b le  feeds le s s  p a s tu re . The r a t i o  o f 
Meal ENE p e r kilogram  FCM shows the  amount o f ENE necessary  to  produce 
a  kilogram of FCM.
Income over feed  c o s t was lower in  the  months of May through 
October, even w ith lower feed  c o s t  p e r 45 .4  kg FCM, than in  the  remain­
d e r of the  y ear when h igher FCM production occurred. Cost o f fee d /45.4 
kg FCM includes a l l  feeds w ith p a s tu re . In  May through O ctober, such 
c o s t o f feed /4 5 .4  kg FCM ranged from $2.59 to  $3.03 compared to  $2,70 
to  $3.21 from November through A p ril. Income over feed  c o s t was shown 
to  be Influenced by c u rv il in e a r  e f f e c ts  o f FCM y ie ld , percen t days in  
m ilk, and feed  c o s t/4 5 .4  kg FCM, as shown in  Table 10.
Milk produced per u n i t  feed  energy in tak e  (kg FCM/Mcal ENE), 
excluding th a t  from p a s tu re , i s  a ls o  shown by months. From A p ril through 
September, 0.45 to  0*50 kg FCM was produced p e r Meal ENE, co n tra s ted  to  
0.36 to  0,41 kg FCM p e r Meal ENE from October through March. A fte r
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TABLE 11
A ssocia tion  of ENE in ta k e  and income over feed  c o s t by month 
f o r  2,893 h e r month observations8.
Month ENE in ta k e /  
con/day
FCM/cov/
day
Income over 
feed  c o s t /  
cow/day
Income over 
feed  c o s t /  
Meal ENE
Meal ENE/ 
kg FCM
kg FCM/ 
Meal ENE
Meal kg 1 0 Meal kg
Jan 34.06 13.35 1.17 3.44 2.55 0.39
Feb 35.10 13.51 1.18 3.36 2.60 0.38
Mar 34.15 13.90 1.23 3.60 2.46 0.40
Apr 29.69 14.07 1.34 4.51 2.11 0 .4?
May 27.29 13.65 1.33 4 .8? 2.00 0.50
June 26.63 12.69 4.47 4 .47 2.10 0.47
Ju ly 24.14 11.69 1.09 4.52 2.06 0.48
Aug 23.26 11.45 1.07 4.60 2.03 0.49
Sept 25.16 11.41 I .09 4.33 2.20 0.45
Oct 27.96 11.66 1.10 3.93 2.40 0.41
Nov 31.**4 11.90 1.10 3.50 2 .64 0.37
Dec 34.01 12.55 1.11 3.26 2.71 0.36
Mean (X) 2 9 .l6 b 12.62 1.17 4.01c 2.32d 0.43*
Range 23.26 11.41 1.07 3.26 2.00 0.36
to to to to to to
35.10 14.07 1.34 4 .87 2.71 0.50
aMonthly averages f o r  the  period  January, 1971 through December, 1972*
^Total ENE “  40.36 Meal *29.16 + 11.20 Meal ENE from pastu re  computed 
by form ula, page 42.
oualng t o t a l  ENE, r a t i o  becomes $1.17/40.36 Meal * 2 .900.
AUslng t o t a l  ENE, r a t i o  becomes 40.36 M cal/l2.62 kg * 3.20 Meal.
®Uaing t o t a l  ENE, r a t i o  becomes 12.62 kg/40.36 Meal * 0.31 kg.
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Includ ing  th e  c a lc u la te d  p astu re  ENE In ta k e , only 0.31 kg was produced 
p e r Meal ENE In ta k e . This I s  w ith in  th e  range of 0.31 to  0.33 kg FCM 
produced per Meal ENE rep o rted  by Green (36) and Mathexne (62) In  previous 
Louisiana DHIA s tu d ie s .
The r a t i o  of Meal ENE/kg FCM I s  a ls o  an ln co ap le te  re p re se n ta tio n  
of the  amount o f ENE to  produce a  kilogram  o f FCM. V lthout pastu re  ENE, 
th e  monthly average ranged from 2.00 to  2.71 Mcal/kg FCM, w ith an o v e ra ll  
average of 2.32 Mcal/kg FCM. In troducing  th e  c a lc u la te d  p astu re  ENE 
In take  va lue , th i s  r a t io  becomes 3*20, th e  t o t a l  number o f Meal ENE I t  
took to  produce a  kilogram of FCM in  th e  average L ouisiana DHIA cow. The 
th re e  previous Louisiana DHIA s tu d ie s  repo rted  a  2 .98 to  3*02 Meal ENE 
needed p e r kilogram  FCM (36 , 62, 90) ,
As shown in  Figure 10, Income over feed  c o s t p e r cow per day f o l ­
lowed a  s im ila r  p a tte rn  a s  th a t  o f FCM production . A summer slump In  
m ilk production s ta r t in g  from th e  month o f May through October was a ls o  
re f le c te d  In  Income over feed  c o s t . Average income over feed  c o s t per 
cow per day f o r  th e  months of May through October was $1.14, compared to  
$1.19 per cow p e r day f o r  th e  months o f November through A p ril. The p a t­
te rn  in  income over feed  c o s t I s  s im ila r  to  the  f in d in g  of Matheme (62) 
in  1962-1964 In  which a  peak was obtained in  A p ril, then a  drop beginning 
i t  May, and recovery again  In  September.
The r a t io  o f income over feed  c o s t  and Meal ENE re p re se n ts  the  
re tu rn s  per Meal ENE from the th ree  feed  sources excluding p a s tu re . That 
i t  was h igher in  the  months of p le n t i fu l  pastu re  from A p ril through Sep­
tember i s  no t su rp r is in g  since  th e  pastu re  po rtion  of t o t a l  ENE In take 
was excluded. From A pril through September, the  re tu rn s  per Meal ENE I s
7^
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■ore than fo u r c e n ts , and le s s  than  fo u r  c en ts  f o r  the r e s t  o f the  y ear. 
However, the  average o f fo u r  c en ts  p e r  Meal ENE from th e  th re e  feeds 
amounts to  le s s  than th re e  c en ts  ($0 , 029) a f t e r  accounting f o r  th e  pas­
tu re ,
4 . A ssociation between c o s t  o f feed /4 5 .4  kg FCM and income 
over feed  c o s t
Table 12 shows th e  a sso c ia tio n  between c o s t o f feed /4 5 .4  kg FCM 
and income over feed  c o s t  on a  monthly b a s is .  T o ta l feed  c o s t  accounts 
f o r  a l l  feeds Including  pastu re  a s  these  were estim ated  by th e  dairyman 
and /o r th e  DHIA superv iso r.
As shown in  Table 12, c o s t o f concen tra te  per 45 ,4  kg FCM remained 
f a i r l y  co n stan t by months averaging $1.92 and ranging from $1.72 to  $2 . 02. 
Concentrate co s t comprised approxim ately 6b% o f t o t a l  feed  c o s t/4 5 .4 kg 
FCM, Cost o f roughages per 45 .4  kg FCM ranged from $0.87 to  $1.19, 
averaging $1.07. As percen t o f t o t a l  feed  c o s t ,  roughages averaged 36j6, 
ranging from 33 to  4o£. i t  made up 33 to  3 ^  o f t o t a l  feed  c o a t/4 5 .4  kg 
FCM In  the  months of A p ril through September, whleh i s  low er than the  
35 to  40$ in  the  months of October through March.
Feed c o s t p e r  kg FCM shows th a t  th e  months of A p ril and May had
th e  cheapest feed c o s t/k g  FCM. The 5.95 and 5*71 cen ts /k g  FCM feed  coat
a t  t h i s  time re su lte d  in  the h ig h es t income over feed  c o s t  o f $1.34 and
$1*33 per cow per day f o r  A p ril and May. There was no in d ic a tio n  however 
th a t  feed  cost/kg  FCM and income over feed  c o s t  were in v e rse ly  r e la te d .
For in s ta n c e , In  December, feed  c o st/k g  FCM was h ig h es t a t  7.08 cen ts  bu t 
the $1.11 income over feed c o s t  was s l ig h t ly  h igher than in  a l l  the
TABLE 12
Association of cost of feed by month and income over feed cost per cow per day3-
Month
Cost/45.4 k* PCM 
All feedb Concentrate Roughages0
FCM/cow/
day
Peed co st/  
kg FCM
Income over 
feed cost/cow/ 
day
. . .
r % Total $ * Total kg * ■”  " 1  _ ........ ....
January 2.98 1.80 60 1.18 40 13.35 6.57 1.17
February 2.98 1.88 63 1.10 37 13.51 6.57 1.18
March 2.97 1.82 61 1.15 39 13.90 6.55 1.23
April 2.70 1.77 66 0.93 34 14.07 5-95 1.34
May 2.59 1.72 66 0 . 8? 34 13.65 5.71 1.33
June 2.73 1.82 66 0.93 34 12.69 6.06 1.19
July 2.83 1.86 66 0.97 34 11.69 6.24 I .09
August 2.85 1.90 67 0.95 33 11.45 6.28 I .07
September 2.89 1.9^ 67 0.95 33 11.41 6.37 1.09
October 3.03 1.98 65 1.05 35 11.66 6.68 1.10
November ' 3.16 1.98 63 1.18 37 11.90 6.97 1.10
December 3.21 2.02 63 1.19 37 12.55 7.08 1.11
Mean (X) 2.91 1.92 64 1.07 36 12.62 6.42 1.17
Range 2.59 1.72 60 0.87 33 11.41 5.71 1.07
to to to to to to to to
3.21 2.02 67 1.19 40 14.07 7.00 1.34
aMonthly averages for the period January, 1971 through December, 1972; for 2,893 herd month 
observations.
^Includes cost of pasture.
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preceding months front Ju ly  to  November. A p ril, w ith  h ig h e s t income over 
feed  c o s t  o f $1.34 per cow p e r  day, low feed  c o st/k g  PCM (5»95d)» and 
h ig h es t FCM y ie ld  (14.07 kg) was a ls o  th e  month of h ig h es t FCM production 
p e r u n i t  ENE in  M athem e's study (6 2 ). He c i te d  th e  lu sh  e a r ly  sp ring  
p astu re  growth of A p ril a s  th e  p o ss ib le  cause fo r  t h i s .
G. A dditional comparisons w ith o th e r s tu d ies
1. ENE in ta k e  and FCM production
Figure 11 shows th e  a sso c ia tio n  o f FCM y ie ld  and feed  ENE in takes 
a )  in  M athem e's (62) study and b) in  the  p resen t study . B art b shows 
two ENE cu rvest one f o r  t o t a l  ENE in ta k e  which includes the  derived  
roughage ENE in tak e  computed from RFF, and the o th er f o r  ENE in ta k e  from 
a l l  feeds excluding p astu re .
In  g e n e ra l, the  p re sen t study shows a  c lo s e r  a s so c ia tio n  between
FCM y ie ld  and feed  ENE in ta k e  a s  compared to  th a t  of M athem e's work
(F igure  11 b ) .  Both ENE in ta k e  curves in  the  p resen t study c lo s e ly  follow  
th e  monthly FCM y ie ld  tren d  f o r  the  southern U.S. (88) .
2 . FCM y ie ld  and g en e tic  p o te n tia l  and season o f th e  y ear
The present study was concerned only with feed energy from various 
sources and closely-related herd management variables that are included 
in the DHIA record-keeping and herd analyses system.
O ther im portant fa c to rs  th a t  c o n trib u te  to  th e  g en era l tren d  of 
the  monthly milk y ie ld  curve a re  genetic  p o te n tia l o f cows, age o f a n i­
m als, and season o f the  year* At the  Louisiana S ta te  U n iv e rs ity , Branton 
and Evans (6) showed th a t  age of H olste in  and Je rsey  cows s ig n if ic a n t ly
•  T o ta l ENE In ta k e
PCM YIELD 
(kg/cow/day) 1^.2
11.3
ENE INTAKE 
i  3 7 .8 ^ ^ c a l / cow/d a y )
r'j ",-r -, i i i i  i i—r—^
J  F M A M J J A  S O N  D 
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a . M athem e's (62)  study
•  T o ta l ENE In take
o ENE In tak e
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(kg/con/day) 12
12.0
11.5 H
3/j, ENE INTAKE 
(Meal/sow/day)
30
11.0 i
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b. P resen t study
P ig . 11. A ssociation  between PCM y ie ld  and ENE In take
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(P c .O i)  a ffe c te d  300-day milk y ie ld . They a ls o  found th a t  season o f the  
y ear (A pril to  September vs* October to  March) a ffe c te d  ( P c .O l)  peak 
m ilk y ie ld  and p e rs is te n c y  bu t n o t the  leng th  of la c ta t io n .
In  1972* Romero (88) found th a t  la c ta t io n  milk y ie ld  (2X-305-day 
ME) f o r  H olste in  cows ca lv in g  du ring  the  hot seasons of the  y e a r was 
c o n s is te n tly  le s s  by 200 to  300 kg o r  5 to  8# ( P < .0 l )  than th a t  f o r  
cows ca lv ing  during  th e  coo l and m ild months o f th e  y ear. H is d a ta  were 
obtained from 3*246 la c ta t io n  reco rds of 1,388 H olste in  c o w b  In  Louis­
iana .
3* L inear and c u rv i l in e a r  e f fe c ts  on PCM y ie ld
R elating  feed  energy and o th e r  v a ria b le s  to  FCM y ie ld ,  m u ltip le  
reg ression  revealed  th a t  s ix  v a ria b le s  accounted f o r  40.74# of the  v a r l -  
a tlo n  (R ) in  FCM y ie ld  In  a l in e a r  equation . In  a  b e s t - f i t t i n g  c u rv i­
l in e a r  equation , th re e  v a ria b le s  accounted f o r  41.77# of the  v a r ia tio n  
in  FCM y ie ld . These R2 a re  c lo se  to  the  r e s u l ts  o f Brown and White ( l l )  
who found 41 to  48# H2 in  th e  reg re sss io n  of herd  average m ilk production 
on co n cen tra te , succu len ts  ( s i l a g e ) ,  and dry fo rages (hay) fed* percen t 
days In  m ilk, p rice  o f g ra in , o th e r  feed  c o s ts ,  p rice  of m ilk, herd s iz e ,  
and days on p as tu re . They used DHIA y early  herd average reco rds from 
13,614 H o lste in , 1,380 Guernsey, and 804 Je rsey  herds in  e ig h t e a s te rn  
and sou theastern  s ta te s  between 1965 and 1970. Corley e t  a l ,  (19) and 
Stone e t  a l .  (96) were a b le  to  account f o r  43 and 41# re s p e c tiv e ly , of
the  t o t a l  v a r ia tio n  in  y e a r ly  milk production in  t h e i r  s ta te s .
4 . P ercen t days in  milk and FCM y ie ld
Percent days In  milk has been recognized a s  a  very u se fu l c r i te r io n
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of h e rd  management i low percen t days In milk being synonymous w ith poor 
management,  and high values In d ica tin g  sh o r te r  dry p erio d s , h igh  rep ro ­
d u c tiv e  e f f ic ie n c y , and in te n s iv e  c u ll in g . The analyses o f M ille r  e t  a l .  
(6 ? , 68) o f f iv e -y e a r  DHIA rec o rd s , a s  w ell a s  y early  DHIA averages showed 
a  stro n g  re la tio n s h ip  between th e  percen t days in  milk and th e  le v e l  of 
production o f herds.
In  t h i s  s tudy , average percen t days in  milk f o r  a l l  herds in  th e  
tw o-year'pe riod  was 83.01 + 7.06%. Brown and White (11) rep o rted  the  
fo llow ing  percen t days in  milk* Guernsey, 85.8 + 7>.J%\ H olB tein, 85.5 + 
2,8361 and Je rse y , 85. k  + 3.236.
VI. SUMMARY AND CONCLUSIONS
Dairy Herd Improvement A ssocia tion  (DHIA) records in  Louisiana 
on a  monthly herd b a s is  were used in  t h i s  study . The records co n sis ted  
o f coded inform ation from the  Monthly Report DHIA-200 covering the  period 
from January, 1971 through December, 1972 and rep resen ted  2,893 herd 
month observations f o r  29,326,520 cow days in  m ilk. The source o f data  
rep resen ted  162 herds c o n s is tin g  o f 93 H o ls te in , 33 mixed breed, 20 
Je rse y , 12 Guernsey and 4 A yrshire h erd s .
Feed energy In take  was evaluated  in  r e la t io n  to  milk production 
and income over feed  c o s t .  Energy in ta k e  from co n cen tra te , s i la g e ,  and 
hay, a s  w ell a s  milk production , feed  c o s t ,  d o l la r  r e tu rn s , and o th er 
measures were ob tained , summarized, and u t i l i z e d  in  m ultip le  reg ression  
an a ly ses . Pasture  ENE In tak e  was c a lc u la te d  from th e  r a t e  o f forage 
feed ing  (RFF) value supplemented by livew eigh t in form ation  from DHIA 
yearly  herd averages. A ll va lues used in  t h i s  study were converted 
from E nglish  to  m etric  va lues.
Comparing th e  r e s u l ts  of th e  p re se n t study w ith those repo rted  
from DHIA s tu d ie s  in  L ouisiana in  th e  y ears  1961 through 1965, some 
im portan t changes a re  no ted , such a s i
1) The average DHIA herd s iz e  has in creased  from approxim ately 
70 cows to  the p resen t average o f  94 cows.
2) Average livew eigh t o f cows Increased  from 465 to  499 kg.
3) Average FCM y ie ld  in creased  from 11.07 to  12.62 kg p e r cow 
per day, an Increase  which i s  eq u iv a len t to  566 kg FCM p e r 365-day 
la c ta t io n .  The average 12.62 kg FCM i s  in  tu rn  equ iva len t to  4,606 kg
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FCM per cow p e r 365-day la c ta t io n .  In  term s of a c tu a l m ilk produced, 
th e  p resen t average DHIA cow produced 13*31 kg B ilk  per day, equ iva len t 
to  4,858 kg m ilk p e r 365-day la c ta t io n .
4 ) Level o f  ooncentrate  ENE In tak e  in creased  from 51*9$ in  the 
th re e  previous s tu d ie s  to  54*78$' o r  an in c rease  o f 3*8$ concen tra te  
ENE. T o ta l ENE In take  increased  from 33*97 Neal to  40.36 Heal per cow 
p e r  day, an ln o rease  o f 6 .37 Neal.
Levels of feed  energy in tak e  were compared w ith recommendations 
by th e  M orrison 's s tan d ard s , the  DHIA's EDPM system , and th e  N ational
Research C o u n c il 's  (NRC) recommendations. In  th e  th ree  previous DHIA
%
s tu d ie s  in  L ouisiana and the  p resen t one, ENE in ta k e  le v e ls  were shown 
to  s a t i s f y  requirem ents in  th e  Norxison*s standards and th e  EDPM system. 
A ctual ENE in ta k e  in  the  p resen t study was 40.36 Meal ENE and th e  comput­
ed requirem ents from M orrison's standards and the  EDPM system a re  25.46 
and 26.88 Neal ENE, re sp e c tiv e ly . A dditional requirem ents f o r  pregnancy 
f o r  a  454 kg oow in  th e  M orrison 's s tandards would req u ire  5 Neal, an 
amount s u f f ic ie n t ly  s a t i s f ie d  by a c tu a l  energy in ta k e .
A fte r  converting  th e  ENE in tak e  and requirem ents by M orrison 's 
s tandards and EDPM system to  ^ i ^ ^ t i n g  cows in  th e  *971 NRC re q u ire ­
ments, th e  requirem ents a re  about 60% o f  th e  amounts of a c tu a l  energy 
In tak e . In  th e  p resen t s tudy , average consumption was 33*19 Meal NB 
compared to  only  18.34 Meal co|w requ ired  ty  th e  1971 NBC.
In  th e  p rev ious s tu d ie s .  In take  was 28.02 Meal NE compared to  16.94 Meal
“ lm o u tln g  e .m  » « * » * •
The b e s t - f i t t i n g  equation f o r  FCM y ie ld  was se le c te d  by stepwise
reg ress io n  a t  th e  5$ p ro b ab ility  le v e l ,  from s ix  v a ria b le s  and th e i r
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q u ad ra tic  and cubic e f f e c ts .  The equation was a s  fo llow s i
Y -  4.1283 + 0.3845X1 + 0.000007xJ + 0.1809X5
With* R2 -  0.4177 i Wherei
Y ■ FCM, kg/cow/day
X  ^ "  Concentrate ENE in ta k e , Mcal/cow/day
X£ ■ Cubic e f f e c t  o f pe rcen t days in  milk
■ Rate o f forage feeding  (HFF), kg/45.4 kg LW of "good hay 
equ ivalen t"
Aside from using  few er v a r ia b le s , the above equation s l ig h t ly  
improved th e  c o e f f ic ie n t  o f determ ination  (H2) from 40,74 to  41,7756 
compared to  the  l in e a r  equation using the  same s ix  v a ria b le s . These 
o th e r  v a ria b le s  a re  s ila g e  and hay ENE In take  (X^ and X^), and herd s iz e  
(X6 ).
Summarizing the herd month d a ta  by herd y ear fo r  the m u ltip le  
reg re ss io n s  nay possib ly  account f o r  th e  in s ig n if ic a n t  e f f e c t  o f s i la g e  
and hay ENE in tak e  in  the  FCM p red ic tio n  equations.
P red ic tio n  equations f o r  FCM y ie ld  revealed  th a t  concen tra te  ENE 
In take  i s  s t i l l  th e  most im portan t a s  a  feed  energy source. Concentrate 
ENE accounted f o r  5^*78^ of the  t o ta l  ENE in tak e  which marks a  2.856 
in crease  from fin d in g s in  previous Louisiana DHIA s tu d ie s . The h igh ly  
s ig n if ic a n t  ( P < .0 l )  e f f e c t  o f concen tra te  ENE In take  in  th e  l in e a r  
equation  and i t s  n o n -s ig n if ic an t quadra tic  and cubic e f f e c ts  in  the  
b e a t - f i t t in g  c u rv il in e a r  equation f o r  FCM y ie ld  may in d ic a te  th a t  Louis­
ian a  DHIA farms were g en era lly  underfeeding concen tra te .
In  th e  p resen t DHIA s i tu a t io n  wherein amount of fo rages fed  can 
only be estim ated  and not a c tu a lly  measured, the  s ig n if ic a n t  r e la t io n -
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sh ip  between concen tra te  ENG In take  and PCM y ie ld  i s  the  reason why the  
EDPM system of " in d ica ted "  concen tra te  feed ing  i s  in  f a c t  workable. 
Refinements a re  p o ss ib le  when roughages a re  a c tu a lly  measured as in  
feeding  complete r a t io n s . In  t h i s  way, the  d e sired  c o n ce n tra te -to -  
roughage r a t i o  can be used.
Income over feed  c o s t  was a ls o  examined by both l in e a r  and b e s t-  
f i t t i n g  c u rv i l in e a r  re g re ss io n s . The b e s t - f i t i i n g  equation obtained by 
stepw ise reg re ss io n  from s ix  v a ria b le s  and th e i r  q uad ra tic  and cubic 
e f fe c ts  vast
Y -  -0.9868 + 0.0002X^ + 0.0540X2 -  0 . 4 2 0 3 -  0.0003X2
+ 0 . 0437*3 
Withi R  ^ -  0.6906f Where1
$ •  Income over feed  c o s t, $/cow/day 
X  ^ -  Cubic e f f e c t ,  FCM yield /cow /day, kg 
X2 -  P ercen t days in  milk
X? -  Cost of feed /4 5 .4  kg FCM, $
2
X2 -  Q uadratic e f f e c t ,  pe rcen t days in  milk
X  ^ -  Quadratic e f f e c t ,  c o s t o f feed /4 5 .4  kg FCM, $
O
The 69*0656 c o e f f ic ie n t  o f determ ination  (R ) was s l ig h t ly  h igher 
than the  66.4256 ob tained  in  the l in e a r  equation . Milk y ie ld  (FCM) was 
highly  s ig n if ic a n t  ( P < .0 l )  in  th e  l in e a r  equation and only i t s  cubic 
e f f e c t  was used in  th e  b e s t - f i t t i n g  c u rv il in e a r  equation .
Income over feed  c o s t was reduced by $0.08 fo r  every d o l la r  
Increase  in  feed  c o s t/4 5 .4  kg FCM. Cost o f concen tra te , which was 
included in  the  feed  c o s t/4 5 .4  kg FCM, was no t s ig n if ic a n t ,  and was 
elim inated  from the  f in a l  b e s t - f i t t i n g  equation fo r  income over feed c o s t.
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For every u n i t  Increase  In  percen t days In  m ilk , Income over feed  c o s t  
was Increased  by $0. 05.
Summarizing the  herd month d a ta  by herd y ear may account a ls o  f o r  
th e  in s ig n if ic a n t  e f f e c t  o f ENE in tak e  in  p red ic tin g  income over feed  
c o s t ,  a s  compared w ith the  previous Louisiana DHIA s tu d ie s . S tud ies In  
o th e r  s t a te s  u sing  herd averages a ls o  u t i l i z e d  a c tu a l amounts o f feeds 
consumed and n o t th e  ENE from such feed s .
i
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APPENDIX TABLE 1
Average q u a lity  codes for s ila g e  to be used i f  
forage t e s t  i s  not a v a ila b le 3
Estimated Net Energy
Item S ilage ■ Green Feed
1. Corn 18 1 2
2. Forage Sorghum 12 08
3. Grain Sorghum 16 1 1
4 . M ille t 12 1 1
5. Small Grain (o a ts , wheat) 12 1 0
6 . Sorghum Hybrids 08 1 0
From Dairyman's DHIA Program Reference Manual, 1971. North
Carolina State U niv ., R aleigh.
APPENDIX TABLE 2
Average q u a lity  codes for hay to be used i f
forage t e s t  i s  not a v a ila b le
Estimated
Item Net Energy
Coastal Bermuda G ra ss -
Bright green fin e  stemmed not rained on 32
Coastal Bermuda Grass—
Brown or bleached co lor and/or rained on 27
A lfa lfa —Bright and lea fy 44
A lfa lfa —Dark and stemmy 35
Grass-Legume Mixture—Bright green f in e  stem 44
Grass-Legume Mixture--Dark and stemny 30
Oat Hay—Dark green w ith immature seed heads 35
Oat Hay—Brown or bleached w ith f u l l  r ip e seed heads 28
Brown M ille t  w ith few seed heads 40
Brown Top M ille t  with f u l l  r ipe seed heads 30
Sorghum Hybrids—Fine stem 35
Sorghum Hybrids--Coarse stem 25
Johnson Grass—Fine stem, no heads 40
Johnson Grass—Coarse stem, heads 28
aFrom Dairyman's DHIA Program Reference Manual, 1971. North
Carolina State U niv ., R aleigh.
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APPENDIX TABLE 3
Average q u a lity  codes for other feeds i f  
forage t e s t  i s  not a v a ila b le 3
Estimated
Item Net Energy
1. Wet Brewers Grain 16
2. Potatoes 18
3. Oat Straw 23
4. Corn Shucks & Cobs 24
5. Cotton Seed Hulls 29
6 . Crushed Ear Corn 65
7. Citrus Pulp 65 to 75
8 . A lfa lfa  P e lle ts 44
9. Haylage 2 0 to 40
aFrom Dairyman s DHIA Program Reference Manual, 1971. North
Carolina State U niv., Raleigh.
APPENDIX TABLE 4 
Concentrates, Estimated Net Energy (ENE) codes3
Estimated Crude
Feed Ingredient Net Energy Protein
Shelled  Corn 80.0 8.7
Corn and Cob Meal 70.0 7 .4
Snapped Corn 6 6 . 0 7.8
Grain Sorghum 78.0 10.9
Barley 80.0 1 1 . 8
Oats 80.0 1 1 . 6
Wheat Bran 67.0 16.4
Cotton Seed Hulls 29.0 3 .9
Soybean M ill Feed 2 0 . 0 1 2 . 0
Cotton Seed Meal (41%) 63.0 41.0
Soybean Meal 79.0 44.0
Peanut Meal 6 6 . 0 42.7
aFrom Dairyman's DHIA Program Reference Manual, 1971. North 
Carolina State U niv ., Raleigh.
APPENDIX TABLE 5 
Explanation o f pasture q u a lity  codes
Q uality Code
E xce llen t  
(08 -  1 1 )
Good 
(06 - 08)
F air
(04 - 06)
Poor
(02 -  04)
Scanty 
(01 -  02)
A pasture furn ish ing an abundance o f lu sh , a c t iv e ly  growing, palatab le  forage. Such 
forage i s  gen erally  furnished only in  the f lu sh  pasture season ( f i r s t  6  weeks) of 
la te  spring. Good v a r ie t ie s  o f grasses & legumes such as orchard grass and ladino  
clover that are w e ll f e r t i l i z e d  w i l l  f a l l  in  th is  c la ss  during the early  part o f the 
season. Temporary pastures such as sudan grass may rate  e x c e lle n t  un less i t  i s  an 
extremely dry period . Pasture i s  gen erally  over 3 inches but not over 8  inches high, 
co n s is ts  o f  a t le a s t  30% legumes and 9C% o f  the land i s  covered reasonably uniform ly.
A pasture not as abundant as e x c e lle n t  pasture. Forage varieties or s o i l  f e r t i l i t y  may 
l im it  the growth. The pasture does not furnish  considerable grazing and the cows are 
always g e ttin g  a f i l l  e a s ily .  From 50% to 80% of the grasses should have a good green 
color with 80% cr more of the land covered. Most supplemental grazing crops w ill F a ll  in  
th is  grade.
A previously  e x c e lle n t  or good pasture th at has been h eav ily  grazed or i s  in  the  
la t t e r  h a lf  o f the grazing season. A pasture that makes a slow growth but contains 
few weeds w i l l  f a l l  in  th is  grade. I t  w i l l  include supplementary grazing p lants  
past the succu lent s ta g e .
Pastures making some growth but are weed w i l l  f a l l  in  th is  grade. A past re that 
during the dry season i s  tough and dry should a lso  be c lassed  here.
Pastures where the forage is  dry an sh ort, an over-grazed pasture, or the generally  
weedy and lo w - f e t t i l i t y  h i l l s id e  pasture gen erally  ra tes th is  grade. Pastures that 
afford  no or l i t t l e  grazing except in  low places should always be placed in  th is  
group.
(continued)
APPENDIX TABLE 5 (C o n tin u ed )
Note:
When handling part time grazing for E xce llen t and Good pasture, g ive  f u l l  q u a lity  code c re d it  i f  
grazing 2% or more hours. For every h a lf  hour le s s  than 2%, reduce q u a lity  code by 20%. Exam­
p le : Cows grazing 1% hours on good pasture. Reduce the 08 q u a lity  code by 40% (or .32) and 
code 05.
For F air  and Poor pasture, g ive f u l l  c re d it  i f  grazing 5 hours or more. Reduce q u a lity  code by 
20% for  every hour le s s  than 5 . Example: Cows grazing on poor pasture 3 hours d a ily . Reduce
the 06 q u a lity  code by 40% (or .24) and code 04.
You may use codes in  between those g iven . You may want to  code w inter grazing that i s  very  
short as 0 2  or even 0 1 .
aFrom Dairyman's DHIA Program Reference Manual, 1971. North Carolina S tate  U n iv ., R aleigh.
vOvo
APPENDIX TABLE 6
Estim ating the charge fo r  pastu re 3
Q uality of Pasture P r ice  Per Ton of Good Hay
E xcellen t Good Fair Poor $ 2 0 $25 $30 $35 $40
Average Wt. o f Cows in  Herd (Lbs.) Monthly Charge for Pasture
1,400 $6.50 $8 . 1 0 $9.80 $11.40 $13.00
1,300 6 . 0 0 7.50 9.00 10.50 1 2 . 0 0
1 , 2 0 0 1,400 5 .50 6.90 8.40 9.60 1 1 . 0 0
1 , 1 0 0 1,300 5.00 6.30 7.50 9.00 1 0 . 0 0
1 , 0 0 0 1 , 2 0 0 1,400 4.50 5.60 6.80 7.90 9.00
900 1 , 1 0 0 1,300 • 4 .10 5.10 6 . 1 0 7.20 8 . 2 0
1 , 0 0 0 1 , 2 0 0 -------- 3.80 4.70 4.60 6.70 7.50
900 1 , 1 0 0 1,400 3.30 4 .20 5.00 5.80 6.70
1 , 0 0 0 1,300 3.00 3.80 4 .50 4.40 6 . 0 0
900 1 , 2 0 0 2.80 3.40 4.10 4.80 5.50
1 , 1 0 0 2.50 3.10 3.70 4.40 5.00
1 , 0 0 0 2.30 2.90 3.40 4.00 4.50
900 2 . 0 0 2.60 3.10 3.60 4.00
(continued)
APPENDIX TABLE 6 (C o n tin u ed )
To use the tab le:
1 . Make a carefu l estim ate of q u a lity  of pasture
2. Estim ate the average body weight of herd
3. Determine the p rice  of good hay
4 . Locate the average body weight o f the herd in  appropriate pasture column,
and on the same lin e  under p rice  of hay w i l l  be found the monthly charge fo r  pasture
This tab le  should be used as a guide. When cows do not have access to  pasture day and night or when
lib e r a l amounts of hay and s ila g e  are being fed , reduce the pasture charge appropriately.
aAdapted from General Information and Tables for Reporting Feed Data on Barn Sheet DHIA-201 by R. Sam 
Jones, J r . ,  1964, Cooperative Extension S erv ice , Auburn U n iversity  (memo); from Dairyman’s DHIA Program
Reference Manual, 1971. North Carolina S tate U n iv ., R aleigh.
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APPENDIX TABLE 7
M orrison's feeding standards used in ca lcu la tin g  feed needed 
by each ind ividual cow on the E lectron ic  Data 
Processing Machine Records Program (EDPM)a
I Maintenance Requirements 
Body Weight Net Energy/Day*5 
... ( lb ) (Meal)
I I  Production Requirements 
% B.F, Net Energy/lb  
(Meal)
700 4 .7 3.0 0.26
800 5 .4 3.5 0.28
900 5 .8 4 .0 0.30
1 0 0 0 6 .3 4 .5 0 .32
1 1 0 0 6.7 5.0 0.35
1 2 0 0 7.2 5.5 0.37
1300 7.7 6 . 0 0.39
1400 8 . 2 6.5 0.41
1500 8 . 6 -  — - •  — -  -
aFrom: Morrison, F. B. (7 6 ). 1956, as used prior to the formu­
la  developed by Jones (47 ).
^Indicate higher amounts, recommended under "usual conditions" .
APPENDIX TABIE 8
Regression c o e f f ic ie n t s ,  standard erro rs , and F values: stepw ise
regression  of FCM on s ix  variab les  and cu rv ilin ea r  e f f e c t s 3
Variable^ Linear (X) Quadratic (X^) Cubic (X3)
b Sb F b Sb F b S5  F
X 1
-0.7101 U.2223 1 0 . 2 ** 0.0405 0.0103 15 .2** -0.0005 0.0001 14.5**
X 2
- 0 . 0 1 0 0 0.0826 N.S. 0.0080 0.0074 N.S. - 0 . 0 0 0 2
4
0.0001 N.S.
X3 -0.0145 0.0891 N.S. 0.0057 0.0092 N.S. <-0 . 0 0 0 1 0.0001 N.S.
X4 -2.6733 0.4962 29.0** 0.0396 0.0071 30.5** - 0 . 0 0 0 1 <0 . 0 0 0 1  28.6**
X5 2 . 0 1 1 2 1.4222 N.S. -0.7459 0.6537 N.S. 0.0696 0.0898 N.S.
X6 0.0057 0.0146 N.S. <- 0 . 0 0 0 1 0 . 0 0 0 1 N.S. <0 . 0 0 0 1 <0.0001 N.S.
n = 324 bo = -2.6958 R2 = 70.56% C.V. = 16.43%
aUsing herd month observations, averaged by 
bWhere: X^  = Concentrate ENE, Mcal/cow/day; 
X2  = S ilage ENE, Mcal/cow/day;
X3  = Hay ENE, M cal/cow/day; 
* *S ign ifican t at P<.01 
N.S.-Not s ig n if ic a n t
year
x4 = 
x5 = 
X6  -
Percent days in  m ilk ; 
Rate of forage feeding  
Herd s iz e  .
(RFF), lb /4 5 .4  kg LW :
APPENDIX TABLE 9
R egression c o e f f ic ie n t s ,  standard errors, and F values: stepw ise regression
of income over feed co st on s ix  variab les  and cu rv ilin ea r  e f f e c t s 3
Variable^ Linear (X) Quadratic (X^) Cubic (X3)
b Sb F b Sb F b Sb F
X 1 0.0966 0.1432 N.S. -0.0057 0 . 0 1 1 0 N.S. 0 . 0 0 0 2 0.0003 N.S.
x 2 0.0945 0.0617 N.S. -0.0009 0.0009 N.S. <0 . 0 0 0 1 0 . 0 0 0 1 N.S.
X3 -0.0187 0.4936 N.S. -0.0647 0.1369 N.S. 0.0093 0.0119 N.S.
X4 -0.2949 0.2671 N.S. 0.1084 0.1161 N.S. -0.0118 0.0156 N.S.
X5 0.0040 0.0015 7.3** - 0 . 0 0 0 0 2 <0 . 0 0 0 1 6 . 1 * <0 . 0 0 0 1 <0 . 0 0 0 1 4 .6*
X6 0.0006 0.0123 N.S. 0 . 0 0 0 1 0.0004 N.S. <0 . 0 0 0 1 <0 . 0 0 0 1 N.S.
n = 324 bo = -2.6958 R2  == 70.56% C.V. = 16 .43%
^'sing herd month observations, averaged by year
^Where: Xj^  = Concentrate ENE, Mcal/cow/day; X^  = Percent days in m ilk;
X2  = S ilage ENE, Mcal/cow/day; X5  = Rate of forage feeding (RFF), lb /4 5 .4  kg LW;
X3  = Hay ENE, Mcal/cow/day; Xg * Herd s iz e .
* S ig n ifica n t at P<.05 
** S ig n ifica n t at P<.01 
N .S.-N ot s ig n if ic a n t
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The a u th o r was bom  on Ju ly  19^3 In  S to . Tomas, La Union* 
P h ilip p in e s . He s ta r te d  in  grade school a t  Cupang Elementary School a t  
S to . Tomas then f in ish e d  a t  the  Baguio C en tra l School when th e  fam ily  
moved f o r  h is  f a th e r  to  re jo in  th e  c i ty  p o lice  fo rc e . He f in ish e d  
high school in  1959 a t  th e  Baguio C ity  High School.
In  i960* he en tered  th e  College o f A gricu ltu re*  U n ivers ity  o f the
P hilipp ines*  a t  College* Laguna. He worked a s  a  s tu d en t a s s i s t a n t  and 
rece iv ed  h is  B.S.A degree in  1965* His undergraduate th e s is  was on th e  
c o lle c tio n  and u t i l i z a t io n  o f carabao o r  w ater b u ffa lo  m ilk . Upon grad­
uation* he was appointed as in s t r u c to r  f o r  the  Department o f Animal 
Husbandry (now Animal S cience). His teach ing  experience covers the  
lab o ra to ry  a sp ec t o f fundamental courses in  P o u ltry  and L ivestock 
Production and Animal Breeding. He was a ls o  o ccasio n a lly  involved 
in  extension  work.
In  1968* he served as sa le s  re p re se n ta tiv e  o f P fizer*  In c . P h il ,
f o r  fo u r  months while on leave from the  U.P.C.A. In  1969* he was a  co­
founder and D irec to r of Computer Pairing* I n c . ,  a  com puterized da tin g  
id ea  f o r  G reater Manila. He a ls o  remains an a c tiv e  member o f a  c iv ic  
group c a lle d  S a in t Elmo Club in  Baguio C ity .
He received  h is  M.S. degree from th e  U.P.C.A. in  1971* doing h is  
th e s is  on carcass  q u a lity  evaluation  of w ater b u ffa lo es . In  September* 
1971* he s ta r te d  h is  Ph.D. program a t  L.S.U. on a graduate a s s is ta n ts h ip  
and w hile on study leave from th e  U.P.C.A.
